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UREA-CONTAINING HYDROXYETHYLAMINE COMPOUNDS AS RETROVIRAL 
PROTEASE INHIBHORS 

This application is a continuation-in-part of Patent 
Application Serial No. PCT/US91/8613, filed November 18, 
5 1991, which is a continuation-in-part of 07/789,646, filed 
Noverriber 14, 1991, which is a continuation- inrpart. of. OvS. 
Patent Application Serial No, 07/615,210,- filed^: November. • 
19, 1990. 

10 BACKGROUND OF TOR TNVENTTDN 

1, Fie^d Qt the Invention 

The present invention relates to retroviral 
'protease inhibitors and, more particularly, relates to novel 

15 compounds and a corrposition and method for inhibiting 
retroviral proteases, Ihis invention, in particular, 
relates to urea-containing hydroxyethylamine protease 
inhibitor compounds, a corrposition and method for inhibiting 
retroviral proteases such as human imnvunodef iciency virus 

20 (HIV) protease and for treatment or prophylaxis a retroviral 
infection, e.g., an HIV infection. The subject invention 
also relates to processes for making such corrpounds as well 
as to intermediates useful in such processes. 

25 2 , Rgj-^ted Ayt 

During the replication cycle of retroviruses, gag 
and gag-pol gene products are translated as proteins. These 
proteins are subsequently processed by a virally encoded 
protease (or proteinase) to yield viral enzymes and 

30 structural proteins of the virus core. Most commonly, the 
gag precursor proteins are processed into the core proteins 
and the pol precursor proteins are processed into the viral 
enzymes, e.g., reverse transcriptase and retroviral 
protease. It has been shown that correct processing of the 

35 precursor proteins by the retroviral protease is necessary 
for assembly of infectious virons. For example, it has been 
shown that frameshift mutations in the protease region of 
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the pol gene of HIV prevents processing of the gag precursor 
protein. It has also been shown through site- directed 
imitagenesis of an aspartic acid residue in the HIV protease 
that processing of the gag precursor protein is prevented. 
5 Thus,, attertpts have been made to inhibit viral replication 
by inhibiting the action of retroviral proteases. 

Retroviral protease inhibition typically involves 
a transition-state inimetic wher^ the retroviral protease 

ID is ejqposed to a mimetxc compound which binds (typically in a 
reversible manner) to the enzyme in competition with the gag 
and gag-pol proteins to thereby inhibit replication of 
structtiral proteins and, more iirportantly, the retroviral 
protease itself. In this manner, retroviral replication 

35 proteases can be effectively inhibited. 

Several classes of mimetic coirpounds have been 
proposed, particularly, for inhibition of proteases, such as 
for i n hibition of HIV protease. Sudti mimetics include 

20 l^droxyethylamine isosteres and reduced amide isosteres. 

See, for example, EP 0 346 847; EP 0 342,541; Roberts et al, 
"Rational Design of Peptide-Based Proteinase Inhibitors, 
"Science, 248, 358 (1990); and Erickson et al, "Design 
Activity, and 2.8A Crystal Structure of a C2 Symmetric 

25 Inhibitor Coirplexed to HIV-1 Protease," Science . 249, 527 
(1990) . 
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Several classes of mimetic coirpomds are known to 
be useful as inhibitors of the proteolytic enzyme renin. 
See, for example, U.S. No. 4,599,198; U.K. 2,184,730; G.B. 
2,209,752; EP O 264 795; G.B. 2,200,115 and U.S. SIR H725. 
5 Of these, G.B. 2,200,115, GB 2,209,752, EP 0 264,795, U.S. 
SIR H725 and U.S. 4,599,198 disclose urea-containing 
hydroxyethylamine renin inhibitors. However, it is known 
that, although renin and HIV proteases are both classified 
as aspartyl 'proteases, compounds which are effective renin 
ID inhibitors generally cannot be predicted to be effective HIV 
protease inhibitors. 



BRIEF DESCRIPTION OF THE INVENTION 

15 

Ihe present invention is directed to virus 
inhibiting compounds and coirpositions. More particularly, 
the present invention is directed to retroviral protease 
inhibiting compounds and compositions, to a method of 
20 inhibiting retroviral proteases, to processes for preparing 
the compounds and to intermediates useful in such processes. 
The subject coirpounds are characterized as urea- containing 
hydroxyethylamine inhibitor compounds. 
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DE1RILED DE SCRIPTTOW OF THE TNVRKITTnN 

In accordance with the present invention, there is 
provided a retroviral protease inhibiting coirpound of the 
5 fonrula: 

R2 Y 

•« I I, L 

OH R' R-* (Formula I) 

or a pharmaceutically acceptable salt, prodrug or ester 
thereof wherein: 



10 



A represents radicals represented by the formulas: 




r 



R\ r32 



r34 Y" " \/ 



RN(CR^'R^ )t~CHC^ 
.■ R" R30^R1 

(A2) \ (A3) 

15 wherein R represents hydrogen, . alkojo^carbonyl, 

aralkojQ^carbonyl, all?ylcarbonyl, cycloalkylcarboiQ^l, 
cycloalkylalkojQrcarboryl, cycloalkylalkanoyl, alkanpyl, 
aralkancyl, aroyl, arylo3Qrcarbonyl, arylojc/carboiylalk/l, . 
arylo:Q^alkanqyl, heterocyclylcarboryl, 

20 heterocyclylo^ycarboro^l, heterocyclylalkanqyl, 

heterocyclylalkojQ^carboiw^l , heteroaralkos^carbonyl , 
heteroazyloxycarbonyl, heteroaroyl, heteroaralkanoyl, alkyl, 
aryl, aralkyl, arylosQ^lQ^l, heteroaryloj^allQ^l, 
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hydroxyalkyl, axninocarbonyl , aminoalkanoyl, and mono- and 
disubstituted aminocarbonyl and mono- and disubstituted 
aminoalkanoyl radicals wherein the substituents are selected 
^ from alkyl, aryl, aralkyl, cycloallQ^l, cycloalkylalJ^l, 

5 heteroaryl, heteroaralkyl, heterocycloalkyl , and 
heterocycloalkyalkyl radicals, or in the case of a 
disubstituted aminoalkanqyl radical, said siabstituents along 
with the nitrogen atom to which they are attached form a 
heterocyclyl or heteroaryl radical; 

ID 

R' represents hydrogen and radicals as defined for r3 or R 
and R* together with the nitrogen to which they are attached 
form a heterocycloalkyl or heteroaryl radical, or when A is 
Al, R' represents hydrogen, radicals as defined for R^ and 

15 arakloxycarbonylalkyl and aminocarbonylalkyl and 

aminocarbonyl radicals wherein said amino group may be mono- 
of disubstituted with subsituents selected form alkyl, aryl, 
aralkyl, cycloalkyl, cycloalkylalkyl , heteroaryl, 
heteroaralkyl, heterocycloalkyl and heterocycloalkylallc^l 

20 radicals; 

t represents either 0 or 1; 

r1 represents hydrogen, -CH2SO2NH2/ -CO2CH3, -COISIHCH3, 
25 -CON(CH3)2, -CH2C{0)NHCH3, -CH2C (0)N(C:H3) 2/ -CONH2, 

-C(CH3)2(SCH3), -C(CH3) 2 (S [0]CH3) , "C(CH3)2 (S[0]CH3) , alkyl, 
haloalkyl, alkenyl, alkynyl and cycloalkyl radicals and 
amino acid side chains selected from asparagine, S-methyl 
cysteine and the corresponding sulfoxide and sulfone 
30 derivatives thereof, glycine, leucine, isoleucine, allo- 

isoleucine, tert-leucine, phenylalanine, ornithine, alanine,, 
histidine, norleucine, glutamine, valine, threonine, serine, 
aspartic acid, beta-cyano alanine, and allothreonine side 
chains; 

35 
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r1' and r1" independently represent hydrogen and radicals as 
defined for r1/ or one of rI' and r1", together with r1 and 
the carbon atoms to which r1, r1' and r1" are attached, 
represent a cycloal]<yl radical; 

5 

r2 represents alkyl, aryl, cycloalkyl, cycloalkylalJcyl and 
aralkyl radicals, which radicals are optionally substituted 
with a group selected from -Or9/ -SR9/ and halogen 

radicals, wherein r9 represents l^drogen and alkyl radicals; 

10 

r3 represents alkyl, alkenyl, alkynyl, h/dro5<yalkyl , 
alkox/alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, 
heteroaryl, heterocycloalkylalkyl, aryl, aralkyl, 
heteroarall:yl, aminoalkyl and mono- and disubstituted 

15 aminoalkyl radicals/ wherein said st±>stituents are selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
heteroaryl, heteroaralk/1, heterocycloalkyl, and 
heterocycloalkylalkyl radicals, or in the case of a 
disubstituted aminoalkyl radical, said substituents along 

20 with the nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 

X' represents 0, C(r17) where r17 represents hydrogen and 
allcyl radicals, and N; 

25 

Y, Y', and Y" independently represent 0,S and NRlS wherein 
r15 represents hydrogen and radicals as defined for r3; 

r4 and r5 independently represent hydrogen and indicals as 
30 defined ty rS, or R^ and r5 together with the nitrogen atom 
to which they are bonded represent heterocycloalkyl and 
heteroaryl radicals; 

r6 represents hydrogen and alkyl radicals; 

35 

r20, r21, r30^ r31 and r32 represent radicals as defined fcr 
r1, or one of bX and r30 together with one of r31 and r32 
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and the carbon atoms to which they are attached form a 
cycloalkyl radical; and 

r33 and r34 independently represent hydrogen and radicals as 
5 defined for r3, or r33 and r34 together with X» represent 
cycloalkyl, aryl, heterocyclyl and heteroaryl radicals, 
provided that when X' is 0, r34 is absent. 

A preferred class of retroviral inhibitor 
ID corrpounds of the present invention are those represented by 
the formula: 



15 or a pharmaceutically acceptable salt, prodrug or ester 
thereof, preferably wherein the stereochemistry about the 
hydroxy group is designated as (R) ; 

R represents hydrogen, alkoxycarbonyl , aralkoxycarbonyl , 
20 alkylcarbonyl , cycloalJ^lcarbonyl , cycloalkylalkoxycarbonyl , 
cycloalky lalkancyl , alkanoyl, aralkanoyl, arqyl, 
aryloxycarbonyl, aryloxycarbonylalkyl , aryloxyalkanoy 1 , 
heterocyclylcarbonyl, heterocyclyloxycarbonyl, 
heterocyclylalkanoyl / heterocyclylalkoxycarbonyl , 
25 heteroaralkanoyl, heteroaralkoxycarbonyl, heteroaryloxy- 
carbonyl, heteroarqyl, alkyl, alkenyl, cycloalkyl, aryl, 
aralkyl, aryloxyalkyl , heteroaryloxyallQ^l, hydroxyalkyl, 
aminocarbonyl , aminoalkanoy 1 , and mono- and di substituted 
aminocarbonyl and mono- and disubstituted aminoalkanoy 1 
30 radicals wherein the substituents are selected from all^l, 
aryl, aralkyl, cycloalkyl, cycloalkylallc/l, heteroaryl, 
heteroaralkyl, heterocycloalkyl, heterocycloalkyalkyl 
radicals, or where said aminoalkanoyl radical is 




(Fonnula II) 
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disubstituted, said si±>stituents along with the nitrogen 
atom to which they are attached form a heterocycloalkyl or 
heteroaryl radical; 

5 R' represents hYdrogen and radicals as defined for r3 or R 
and R' together with the nitrogen to which they are attached 
represent heterocycloalkyl and heteroaryl radical; 

r1 represents hydrogen, -CH2SO2NH2, -CH2CO2CH3, -CO2CH3, 
3D "CONH2, -CHC(0)NHCH3, -C(CH3) 2 (SCH3) , -C{CH3) 2 (S[0]CH3) , 

-C{CH3)2 CS[Ol2CH3) , alkyl, haloalkyl, alkenyl, alkynyl and 
cycloalkyl radicals, and amino acid side chains selected 
from asparagine, S-methyl cysteine and the sulfoxide (SO) 
and sulfone {SO2) derivatives thereof, isoleucine, 
15 allo-isoleucine, alanine, leucine, tert-leucine, 

pheiiylalanine, ornithine, histidine, norleucine, glutamine, 
threonine, glycine, allo-threonine, serine, aspartic acid, 
beta-cyano alanine and valine side chains; 

20 r1' and r1" independently represent l^drogen and radicals as 
defined for BXr or one of r1' and r1", together with Ri and 
the carbon atoms to which r1, rI' and r1" are attached, 
represent a cycloalkyl radical; 

Z r2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl, and 
arall^l radicals, which radicals are optionally substituted 
with a group selected from allQ^l radicals, N02/ 0R9 and SR9 
wherein r9 represents hydrogen and alkyl radicals, and 
halogen radicals; 

30 

r3 represents alkyl, alkenyl, alkynyl, hydroxyalkyl, 
alkojyall^l, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, 
heteroaiyl, heterocycloalkylalkyl, aryl, aralkyl, 
heteroaralkyl/ aminoalkyl and mono- and disubstituted 
35 aminoalkyl radicals, wherein said siabstituents are selected 
from alkyl, aryl, aralkyl, cycloall^l, cycloalkylalkyl, 
heteroaryl, heteroaraikyl, heterocycloalkyl, and 
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heterocycloalkyialkyl radicals, or in the case of a 
disubstituted aminoalkyl radical, said substituents along 
with the nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 

5 

r4 and r5 independently represent hydrogen and radicals as 
defined by r3, or together with a nitrogen atom to which 
they are bonded represent heterocycloalkyl and heteroaryl 
radicals; 

10 

t represents 0 or 1; 



20 



Y and Y' independently represent 0, S, and NR15 wherein r15 
represents hydrogen and radicals as defined for r3. 
15 Preferably, Y and Y' represent 0. 

Preferably, r3 represents radicals as defined 
above which contain no. a-branching, e.g., as in an isopropyl 
radical or a t-butyl radical. The preferred radicals are 
those which contain a -CH2- moiety between the nitrogen of 
the urea and the remaining portion of the radical. Such 
preferred groups include, but are not limited to, benzyl, 
isobutyl, n-butyl, isoairyl, cyclbhexylmeth^l and the like. 

S Another preferred class of coirpoimds are those 

represented by the formula: 



30 



n u riu d3 d4 



H OH V? R4 

(Formula III) 



or a pharmaceutical ly acceptable salt, prodrug or ester 
thereof wherein t, Y, Y' , R*, r1, r2, r3, r4, r5, r20 and 
r21 are as defined above with respect to Formula I. 
Preferably, the stereochemistry about the lydroxyl group is 
35 designated as R. 
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Yet another preferred class of coitpomds are those 
represented by the fonnula: 




(Fonnula IV) 

or a pharmaceutically acceptable salt, prodrug or ester . 
thereof, preferably wherein the stereochemistry about the 
10 hydroxy group is designated as wherein t, X/, Y' , Y", 
r1, r2, r3, r4, r5, r30, r31, r32, r33 and r34 are as 
defined above with respect to Formula I. 

As utilized herein, the term "alkyl", alone or in 

15 combination, means a straight-chain or branched-chain alkyl 
radical containing from 1 to about 10, preferably from 1 to 
about 8, carbon atoms. . Exairples of such radicals include 
metl^^l, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, iso-airyl, hejcyl, octyl and the 

20 like. Ihe term "alker^^l", alone or in combination, means a 
straight-chain or branched-chain hydrocarbon radial having 
one or more doxible bonds and containing from 2 to about 18 
carbon atoms preferably from 2 to about 8 carbon atoms. 
Examples of sxuLtable alkenyl radicals include ethenyl, 

^ propenyl, allQ^l, 1,4-butadienyl and the like. Hie term 

"alkynyl", alone or in combination, means a straight- chain . 
hydrocarbon radical having one or more triple bonds and 
containing from 2 to about 10 carbon atoms. Examples of 
alkynyl radicals include ethynyl, propynyl, (propargyl), 

30 butynyl and the like. The term "alkoxy", alone or in 

combination, means an alkyl ether radical wherein the term 
alkyl is as defined above. Examples of suitable alkyl ether 
radicals include methojQ^, ethoxy, n-propoxy, isopropoxy, 
n-butoxy, iso-butoj^, sec-butojy, tert-butoxy and the like. 
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The term " cycloalkyl " , alone or in combination, means an 
alkyl radical which contains from about 3 to about 8 carbon 
atoms and is cyclic. The term "cycloalkylalkyl" means an 
alkyl radical as defined above which is substituted by a 
5 cycloalkyl radical containing from about 3 to about 8, 

preferably from about 3 to about 6, carbon atoms. Examples 
of such cycloalkyl radicals include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohe>^l and the like. The term "aryl", 
alone or in combination, means a phenyl or naphthyl radical 

ID which optionally carries one or more substituents selected 
from alkyl, alkoxy, halogen, hydroxy, amino nitro and the 
like, such as phenyl, p-tolyl, 4-methoxyphenyl, 4-(tert- 
butoxy) phenyl, 4-f luorophenyl, 4-chlorophenyl, 4- 
hydroxyphenyl, l-naphtlyl, 2-napht]:vl, and the like. The 

15 term "aralkyl", alone or in combination, means an alkyl 
radical as defined above in which one hydrogen atom is 
replaced by an aryl radical as defined above, such as 
benzyl, 2-phenylethyl and the like. The term "aralkoxy 
carbonyl", alone or in combination, means a radical of the 

20 formula -C (O)-O-aralkyl in which the term "aralkyl" has the 
significance given above. An example of an aralkoxycarbonyl 
radical is benzyloxycarbonyl . The term "aryloxy" means a 
radical of the formula aryl-O- in which the term aryl has 
the significance given above. The term "alkanoyl", alone or 

25 m combination, means an acyl radical derived from an 
alkanecarboxylic acid, exairples of which include acetyl, 
propionyl, butyryl, valeryl, 4-methylvaleryl, and the like. 
The term " cycloalkylcarbonyl " means an acyl group derived 
from a monocyclic or bridged cycloalkanecarboxylic acid such 

30 as cyclopropanecarbonyl, cyclohexanecarbonyl, 

adamantanecarbonyl, and the like, or from a benz-fused 
monocyclic cycloalkanecarboxylic acid which is optionally 
substituted by, for example, alkancylamino, such as 1,2,3,4- 
tetrahydro-2-naphthoyl, 2-acetamido-l, 2 , 3 , 4-tetrahydro-2- 

35 naphthoyl. The term "aralkanoyl" means an acyl radical 

derived from an aryl-substituted alkanecarboxylic acid such 
as phenylacetyl, 3-phenylpropionyl (hydrocinnamoyl) , 
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4-phenYlbutyrYl, { 2 -naphthylO acetyl, 4-chlorohydrocinnainpyl, 
4-aminohydrocimainoyl>4-inetho>Yhy^^ and the like. 

Ihe term "arqyl" means an acyl radical derived from an 
aromatic carbojiylic acid. Exairples of such radicals include - 
5 aromatic carboxylic acids, ah optionally substituted benzoic 

or naphthoic acid such as benzoyl, 4-ciiLorobeii2cylv 4- ^ 
carbojQ^benzcyl , 4- (.benzylo5<ycarlx)nyl ) boizcyl , 1-naphthcy 1 , 
2-naphthcyl, 6-carboxy-2 naphthcyl, S-Cbeai2yla5Qrcarbonyl)-2- 
naphthcyl, 3-benzyloxy-2-naphthcyl, '3-lgTdbx»cir-^2-naphthcyl, 

ID • 3-(benzylo5^formamido)"2-naphthcyl, md the like-. The 
heterocyclyl or heterocycloallQ^l portion of a 
heterocyclylcarbonyl, heterocyclyloxycarboriyl, 
heterocyclylalkoxycarboiryl, or heterocyclyalkyl grotp. or the 
like is a saturated or partially unsaturated ncnocyclic, 

15 bicyclic or tricyclic heterocycle which contcdns. one-: or more 
hetero atoms selected from nitrogen, oo^gen and sulphur, 
which is optionally substituted on one: or more carbon- atoms 
by halogen, alkyl, alko5<y, oxo, and the like> - and/or cm a 
secondary nitrogen atom (i.e., -NH-) b^: alkyl, 

20 aralkox/carbonyl, alkancyl, phenyl or pfeCTyTffllgl or an a 
tertiary nitrogen atom (i.e. = N-) ty oxidb ai^ ^ch. is 
attached via a carbon atom, The heteroaryl pact ion- of a 
heteroarcyl, heteroaryloxycarbonyl, or a h^eroaralkojQ^ 
carbonyl group or the like is an aromatic monocyclic,. 

25 bicyclic, or tricyclic heterocycle viiich contains: the: hetero 
atoms and is optionally si±»stituted as defined above with 
respect to the definition of heterocyclyl- Exanrples of such 
heterocyclyl and heteroaryl groups are pyrrolidinyl, 
piperidinyl, piperazir^l, morpholiiiyl, tMamorBholinyl, 

30 pyrrolyl, imida2:olyl {e.g., imidazol 4-yl, 1- 

benzylo:Q^c:arbonylimidazol-4-yl/ etc.), pyrazoiyli pyric^l, 
pyrazinyl, pyrimidiiQri/ furyl, thienyl, triaaolyl, oxazolyl, 
thiazolyl, indolyl (e.g., 2-indolyl, etc.), qsdnolinyl,, 
(e.g., 2-qixinolinyl, 3-quinoliiQ^l, l-<gcidO"2-rqtiinoliiigrl, . 

35 etc.), isoquinolirryl (e.g., 1-isoguinolinyi, 3- 

isoquinolinyl, etc J, tetrah^droquinolinyl {e.g*, 1,2,3/4- 
tetrahydro-2-quinolyl, etc.). 
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1,2,3, 4- tetrahydroisoquinolinyl (e.g., 1/2,3, 4-tetrahydro-l- 
oxo-isoquinolinyl, etc.), quinoxaliryl, fi-carbolinyl, 2- 
benzofurancarbonyl, l-,2-,4- or S-benzimidazolyl, and the 
like. Ihe term "cycloalkylalkoxycarbonyl" means an acyl 
5 group derived from a cycloallQ^lalkoxycarboxylic acid of the. 
formula cycloalkylalkyl-O-COOH wherein cycloalkylalkyl has 
the significance given above. The term "aryloxyalkanoyl" 
means an acyl radical of the formula aryl-O-alkanqyl wherein 
aryl and alkanpyl have the significance given above. The 

10 term "heterocyclyloxycarbonyl" means an acyl group derived 
from heterocyclyl-O-COOH wherein heterocyclyl is as defined 
above. The term "heterocyclylalkanpyl" is an acyl radical 
derived from a heterocyclyl -substituted alkane carbooQrlic 
acid wherein heterocyclyl has the significance given above. 

15 The term "heterocyclylalkoxycarbonyl" means an acyl radical 
derived from a heterocyclyl-sxobstituted alkane-O-COQET 
wherein heterocyclyl has the significance given above. The 
term "heteroaryloxycarbonyl" means an acyl radical derived 
from a carboxylic acid represented by heteroaryL-CJ-COaE 

20 wherein heteroaryl has the significance given abovev- The 
term " aminocarbonyl " alone or in combination, jnA^^ng an^ 
amino-substituted carbor^^l (carbamoyl) group derived from an 
amino-substituted carboxylic acid wherein the amino group 
can be a primary/ secondary or tertiary amino group 

Z containing substituents selected from hydrogen, and all^l, 
aryl, aralkyl, cycloalkyl, cycloalkylalkyl radicals and the 
like. The term "aminoalkancyl" means an acyl groxjp derived 
from an amino-s\ibstituted alkanecarboxylic acid v^erein the 
amino group can be a primary, secondary or tertiary amino 

30 group containing siabstituents selected from hydrogen, and 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl radicals 
and the like. The term "halogen" means fluorine, chlorine, 
bromine or iodine. The term "haloalkyl" means an alkyl 
radical having the significance as defined abcnre viierein one 

35 or more hydrogens are replaced with a halogen^ Exanples of 
such haloalkyl radicals include chloromethyl / I-bromoeth/l , 
f luoromethyl , di f luoromethyl , trif luorometl:^!:;; 
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1,1,1-trifluoroethy^l and the like. The term "leaving group" 
generally refers to groups readily displaceable ty a 
nucleophile, such as an amine, a thiol or an alcohol 
nucleophile. Such leaving groups are well known and include 
5 carboxylates, N-h^drox^succinimide, N-hydro3<yben20tria2ole/ 
halides, triflates, tosylates -OR and -SR and the like. 
Preferred leaving groups are indicated herein where 
appropriate, 

ID Procedures for preparing the coirpoxmds of Formula 

I are set forth below. It should be noted that the general 
procedure is shown as it relates to preparation of conpounds 
having the specified stereochemistry, for exaitple, wherein 
the stereochemistry about the hydroxyl group is designated 

35 as (R) • However, such procedures are generally applicable, 
as illustrated in Exarrple 45, to those coirpounds of opposite 
configuration, e.g.., where the stereochemistry about the 
hydroxyl group is (S) . . 

20 • Preparat ion of Campounds of Formula II 

The coirpoxmds of the present invention represented 
by Formula II above can be prepared utilizing the following 
general procedure. An N-protected chloroketone derivative 
25 of an amino acid having the formula: 




I 

H 



wherein P represents an amino protecting group, and r2 is as 
30 defined above, is reduced to the corresponding alcohol 
utilizing an appropriate reducing agent. Suitable amino 
protecting groups are well known in the art and include 
carbobenzo^QT, butyryl, t^butoj^carbonyl, acetyl, benzoyl and 
the like. A preferred amino protecting group is 
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carbobenzoxy. A preferred N-protected chloroketone is 
N-benzyloxycarbonyl-L-phenylalanine chloromethyl ketone. A 
preferred reducing agent is sodium borohydride . The 
reduction reaction is conducted at a tenperature of from 
5 "lO^'C to about 25^C, preferably at about 0°C, in a suitable 
solvent system such as, for exairple, tetrahydrofuran, and 
the like. The N-protected chloroketones are commercially 
available f rem Bachem, Inc., Torrance, California. 
Alternatively, the chloroketones can be prepared by the 
10 procedure set forth in S, J. Fittkau, J. Prakt. Chem. , 315, 
1037 (1973), and subsequently N-protected utilizing 
procedures which are well known in the art. 



15 at room temperature, with a suitable base in a suitable 
solvent system to produce an N-protected amino epoxide of 
the formula: 



wherein P and r2 are as defined above. Suitable solvent 
systems for preparing the amino epoxide include ethanol, 
methanol, isopropanol, tetrahydrofuran, dioxane, and the 
like including mixtures thereof. Suitable bases for 
25 producing the epoxide from the reduced chloroketone include 
potassium hydroxide, sodium hydroxide, potassium t-butoxide, 
DBU and the like. A preferred base is potassixim hydroxide. 



30 prepared starting with an L-amino acid which is reacted 
with a suitable amino-protecting group in a suitable 
solvent to produce an amino-protected L-amino acid ester of 
the formula: 



The resulting alcohol is then reacted, preferably 




H 



20 



Alternatively, a protected amino epoxide can be 
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p2^ O 

wherein P, and independently represent hydrogen and 
amino-protecting groups as defined above vd-th r^rpect to P, 
.5 provided that P^ and P^ are not both hydrogen; and^R^ is as 
defined above. 

The amino-protected L- amino acid ester is then 
reduced, to the coixesponding alcohol. For exanple, the 
10 amino-protected L-amino acid ester can be reduced with 

diisobutylaliminim l^rdride at -78° C in a suitable solvent 
such as toluene. The resulting alcohol is then converted, 
by way of a Swem Oxidation, to the corresponding aldelyde 
of the formula: 

15 - : - - 




wherein P^, p2 and are as defined above. Thus, a 
dichloromethane solution of the alcohol is added to a 
20 cooled (-75 to -68° C) solution of oxalyl chloride in 

dichloromethane and DMSO in dichloromethane and stirred for 
35 minutes. . ' „ 

The aldehyde resulting from the Swem Oxidation 
25 is then reacted with a halometl^llithium reagent, vMch 

reagent is generated in situ ty reacting an all^liithium or 
arylithium corrpound with a dihalomethane represented fay the 
formula X^CKi^^ wherein and independently represoit I, 
Br or CI. For exaitple, a solution of the aldehyde and 
30 chloroiodomethane in THF is cooled to -78° C and^ a solution 
of n-butyllithium in hexane is added. The resulting 
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product is a mixture of diastereomers of the corresponding 
amino-protected epoxides of the fonnalas: 

R2 R2 




5 

The diastereomers can be separated by cirromato graphy or, 
alternatively, once reacted in subsequent steps the 
diastereomeric products can be separated. 

ID The amino epoxide is then reacted, in a sxiitable 

solvent system, with an equal amount, or preferably an 
excess of, a desired amine of the fonnular 

r3nH2 

15 

wherein r3 is hydrogen or is as defined above. Ihe' reaction 
can be conducted over a wide range of "^tarperatxcc^:; e.g., 
from about 10°C to about lOO^C, but is gref eraSIy, but not 
necessarily, conducted at a temperature at' vfetc^the solvent 

20 begins to reflux. Suitable solvent systenis include those 
wherein the solvent is &i alcohol, such as. methanol, 
ethanol, isopropanol, and the like, ethers such as 
tetrahydrofuran, dioxane and the like, and toluene, 
N,N-dimethylfonnamide, dimethyl sulfoxide, and ndxtures 

25 thereof. A preferred solvent is isopropanol . Exerrplary 
amines corresponding to the formula .r3hH2 include benzyl 
amine, isobutylamine, n-butyl amine, -isopentyi. amine, 
isoaitylamine, cyclohexanemethyl amine, naphttgrlene- methyl 
amine and the like. The resulting product is a 3-(N- 

30 protected amino) -3- (r2 ) -1- (NHr3 ) -prqpaEnr2-ol derivative 
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(hereinafter referred to as an amino alcohol) can be 
represented by the formula: 




H OH H 



5 



wherein P, r2 and r3 are as described above • 



For producing corrpounds of Formula II wherein r5 



is h^drogen^ the resiilting amino alcohol described above is 
10 then reacted, in a suitable solvent system, with an 

isocyanate of the formula R^NCO wherein r4 is as defined 
above. Where Y in Fonmila I above is sulfur, the resulting 
amino alcohol is reacted with an isothiocyanate of the 
formula R^nCS under similar conditions. Suitable solvent 
15 systems include tetrahydrofuran, methylene chloride,.- and-the 
like and mixtures thereof. The resulting product is a urea 
derivative of the amino alcohol or the correspondingr sulfur 
analog thereof and can be represented by the formular 



wherein P, Y, r2, r3 and R* are as defined above. The 
isocyanates of the formula R%CO can be prepared by the 
reaction of an amine {r3nH2) with phosgene, triphosgene, 

25 carbodiimidazole, or carbonate ( (RO) 2CO) xander conditions 
well-known in the art. The isothiocYanates of the formula 
R4NCS can be prepared by similar procedures, e.g*, reaction 
of the amine with thiophosgene/ which are also well known in 
the art. In addition, the isocyanates and isothiocyanates 

30 are commercially available from Aldrich Chemical Oanpany. 



20 
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For preparing coirpounds of Formula II wherein r5 
is other than hydrogen, the resulting amino alcohol 
described above is then reacted,- in a suitable solvent 
system, with a corrpound represented ty the formula: 

5 

O 




wherein r4 and r5 are as described above and L represents a 
leaving group such as a halide, e.g., chloride, imidazole 
ID radical, the radical P-NO2- (C6H4)-0-, and the like. A 
preferred compound represented by this formula is a 
carbamoyl chloride. The corresponding sulfur analogs can be 
utilized where Y of Formula II is S. 

The urea derivative of the amino alcohol and the 
corresponding sulfur analog can be represented by the 
formula: 

R2 Y 




Following preparation of the urea derivative, or 
corresponding analogs wherein Y is S, the amino protecting 
group P is removed under conditions which will not affect 
the remaining portion of the molecule. These methods are 
well known in the art and include acid hydrolysis, 
hydrogenolysis and the like. A preferred method involves 
removal of the protecting group, e.g., removal of a 
carbobenzoxy group, by hydrogenolysis utilizing palladium on 
carbon in a suitable solvent system such as an alcohol, 
acetic acid, and the like or mixtures thereof. Where the 
protecting group is a t-butoxycarbonyl group, it can be 
removed utilizing an inorganic or organic acid, e.g., HCl or 
trifluoroacetic acid, in a suitable solvent system, e.g.. 
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dioxane or methylene chloride. The resxilting product is the 
amine salt derivative. Following neutralization of the 
Scilt, the amine is then reacted with an amino acid or 
corresponding derivative thereof represented by the formula 
5 (ENtCRl' Rl"]t ch{r1)C0OH) wherein t, r1, r1' and r1" are as 
defined above, to produce the antiviral coirpounds of the 
present invention having the formula: 



wherein t, Rl, Rl*, Rl", r2, r3^ r4^ r5 and Y are as 
defined above • Preferred protecting groups in this 
instance are a ben^loxycarbony^l group or a t-butooycarbonyl 
group. Where the amine is reacted with a derivative of an 

15 amino acid, e.g., when t=l and r1' and r1" are both H, so 
that the amino acid is a IS-amino acid, such S-amino acids 
can be prepared according to the procedure set' forth in a 
copending application, U. S. Serial No. 07/345,808.^ Where t 
is 1, one of r1' and r1" is H and r1 is t^drogai so that the 

20 amino acid is a homo-S-amino acid, such homo-S-amino acids 
can be prepared hy the procedure set forth in a expending 
application, U.S. Serial. No. 07/853,561. Where t is O and 
r1 is alkyl, cycloalkyl, -CH2SO2NH2 or an amino add side 
chain, such materials are well known and many are 

25 commercially available from Sigma-Aldrich. 



removed, if desired, utilizing the procedures described 
above, and then reacted with a carboj^late r^resa:ited by 
30 the formula: 



PNH{CRi*Ri')i 




ID 



The N-protecting group can be subsequently 



II 

R — C L 



wherein R is as defined above and L is an cnjytup riate 
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leaving group such as a halide. Preferably, where r1 is a 
side chain of a naturally occurring a-amino acid, R is- a 
2-quinoline carbonyl group derived from N- 
hydroxysuccinimide-2-quinoline carboxylate, i.e., L is 
5 hydroxy succinimide . A solution of the free amine (or 
amine acetate salt) and about 1,0 equivalent of the 
carboxylate are mixed in an appropriate solvent system and 
optionally treated with up to five equivalents of a base 
such aS/ for example, N-methylmorpholine, at about room 
ID tertperature. Appropriate solvent systems include 
tetrahydrofuran, methylene chloride or N,N- 
dimethylfonnamide, and the like, including mixtures 
thereof . 

15 Pygpay^tiQA Qt C<PinpQW<^$ Qt FoyrnuX^ IJJ 

A mercaptan of the formula RSH is reacted with a 
substituted methacrylate of the formula: 



20 




by way of a Michael Addition. The Michael Addition is 
conducted in a suitable solvent and in the presence of a 
suitable base, to produce the corresponding thiol derivative 
25 represented by the formula: 




wherein R* and r1 represent radicals defined above; r20 and 
30 r21 represent hydrogen and radicals as defined for r1; and 
r22 represents radicals as defined by r3. Suitable solvents 
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in which the Michael Addition can be conducted include 
alcohols such as, for exairple, methanol, ethanol, butanol 
and the like, as well as ethers, e.g., TEiF, and 
acetonitrile, DMF, DMSO, and the like, including mixtures 
5 thereof. Suitable bases include Group I metal alkoxides 
such as, for exairple sodiim methoxide, sodium ethoxide, 
sodium butoxide and the like as well as Group I metal 
h/drides, such as sodium hydride, including mixtures 
thereof . 



by oxidizing the thiol derivative with a suitable oxidation 
agent in a suitable solvent. Suitable oxidation agents 
include, for example, hydrogen peroxide, sodium meta - 
perborate, oxone (potassium peroxy monosulfate) , meta - 
20 chloroperoj^benzoic acid, and the like, including mixtures 
thereof. Suitable solvents include acetic acid (for sodium 
meta -perborate) and, for other peracids, ethers such as THF 
and dioxane, and acetonitrile, DMF and the like, including 
mixtures thereof. 



ID 



The thiol derivative is converted into the 
corresponding sulfone of the formula: 




15 
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The sulfone is then converted to the corresponding 
free acid of the forrmila: 

O R1 




5 

utilizing a suitable base, e.g., lithium hydroxide, saditm 
hydroxide, and the like, including mixtures thereof, in a 
suitable solvent, such as, for exairple, THF, acetonitriie, 
DMF, DMSO, metlTi^lene chloride and the like, including. 
ID mixtures thereof. 

The free acid is then coupled, utilizing, as 
described above, procedures well known in the art, to the 
urea derivative, or analog thereof, of an amino alcohol 
15 which is described above for the preparation of corrpoxmds of 
Formula II. The resulting product is a compound represented 
fcy Formula III. 

Alternatively, one can couple the urea isostere to 
20 the commercially available acid. 



O O 




CH3 



remove the thioacetyl group with a suitable base, such aS- 
25 hydroxide, or an aitdne, such as ammonia, and then react the 
resulting thiol with an alkylating agent, such as an alkyl 
halide, tosylate or mesylate to afford coirpomds at the 
following structure: 
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The sulfur can then be oxidized to the 
corresponding sulfone using suitable oxidizing agents, as 
5 described above, to afford the desired cortpounds of the 
following structure: 



ID Alternatively, to prepare coirpomds of Formula- III>- a 
si±istituted methacrylate of the formula: 



15 wherein L represents a leaving group as previously defined, 
r35 and r36 represent hydrogen and radicals as defined for 
r1; and r37 represents alkyl, aralkyl, cycloaHo^l and 
cycloalkylaljcyl radicals, is reacted with a suitable 
sulfonating agent, such as, for exairple, a sulfinic acid 

20 represented by the formula RSO2M, wherein R represents 

radicals as defined above and M represents a icietal adapted 
to form a salt of the acid, e.g., sodiuin> to produce the 
corresponding sulfone represented by the formula: 




CH3 OH R3 



H 




R?5 



R36 
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wherein R», r35^ r36 and r37 are as defined above. The 
sulfone is then hydrolyzed in the presence of a suitable 
base, such as lithium h/droxide, sodium hydroxide and the 
5 like, to the compound represented by the formula: 




. wherein R', r35 and r36 represent radicals as defined above. 
10 The resulting coirpound is then asymmetrically hydrogenated 
utilizing an asymmetric hydrogenation catalyst such as, for 
example, a ruthenium-BINAP complex, to produce the reduced 
product, substantially enriched in the more active isomer, 
represented by the formula: 

15 



0 




wherein R', r35 and r36 represent radicals as defined 
above. Where the more active isomer has the R- 

20 stereochemistry, a Ru{R"BINM>) asymmetric hydrogenation 

catalyst can be utilized. Conversely, where the more active 
isomer has the S-sterochemistry, a Ru(S-BINAP) catalyst can 
be utilized. Where both isomers are active, or where it is 
desired to have a mixture of the two diastereomers, a 

25 hydrogenation catalyst such as platinum, or palladium, on 
carbon can be utilized to reduce the above compound. The 
reduced coirpound is then coupled to the urea isostere, as 
described above, to produce corrpounds of Formula III. 
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Prenaration of Com nounds of Forrnula IV 



To produce coirpounds of Formula IV, starting 
with a lactate of the formula: 



5 



OH 



P'O. 




O 



wherein P" represents alkyl radicals, such as, for exanple, 
eth^l, methyl, benzyl and the like. The h/droixyl group of 

3D the lactate is protected as its ketal by reaction in a 

suitable solvent system with mettyl isopropenyl ether (1,2- 
methoj<ypropene) in the presence of a suitable acid. 
Sxiitable solvent systems include methylene c±ilorider 
tetrahydrofuran and the like as well as mixtures thereof . 

15 Sxiitable acids include POCI3 and the like. It- should: be 
noted that well-known groups other than m^hyl isopropacQf^l. 
ether can be utilized to form the ketal. 'Hie ketai is then , 
reduced with diisobutylalimanum hydride (DIBALJ at^ -78°C to 
produce the corresponding aldehyde which is: then treated 

20 with etl^lidene triphenylphosphorane (Wittig reaction) to 
produce a coirpound represented by the formula: 



utilizing procedures well-known in the art such, as hy mild 
acid hydrolysis . The resulting compomd is then esterif ied 
with isobutyryl chloride to produce a corrpound of the 
formula: 




OCH, 



The ketal protecting group is th^ removed 
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This compound is then treated with lithitim 
diisopropyl amide at -78°C followed by wanrdng of the 
reaction mixture to room temperature to effect a Claisen 
rearrangement ([3,3] sigmatropic rearrangement) to produce, 
the corresponding acid represented by the formula: 



10 



15 




COM 



Treatment of the acid with benzyl bromide in the 
presence of a tertiary amine base, e.g., DBU, produces the. 
corresponding ester which is then cleaved oxidatively to 
give a trisubstituted succinic acid: 



COaBn 



HOX 




The trisubstituted succinic acid is then coupled 
to the urea isostere as described above. To produce the 
20 free acid, the benzyl ester is removed by hydrogenolysis to 
produce the corresponding acid. The acid can then be 
converted to the primary amide by methods well-known in the 
art. 



25 . An alternative method for preparing trisubstituted 

succinic acids involves reacting an ester of acetoacetic 
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acid represented by the formula: 



where R is a suitable protecting group, such as methyl, 
ethyl r benzyl or t-butyl with sodium hydride and a 
hydrocarbyl halide (r31x or r32x) in a suitable solvent, 
e.g., IHF, to produce the corresponding disubstituted 
derivative represented by the formula: 




15 



This disubstituted acetoacetic acid derivative is then 
treated with lithium diisopropyl amide at about -10°C and in 
the presence of PhN(triflate) 2 to produce a vinyl triflate 
of the formula: 




OTf 



20 



25 



The vinyl triflate is then carbonylated utilizing 
a palladium catalyst, e.g., Pd2 (OAc)2{Ph3}P, in the presence 
of an alcohol (R"OH) or water {R"-H) and a base, e.g., 
trietfiylamine, in a suitable solvent such as DMF, to produce 
the olefinic ester or acid of the formula: 




OR" 
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The olefin can then be subsequently asymmetrically 
hydrogenated, as described above, to produce a 
trisubstituted succinic acid derivative of the formula: 




5 O CH3 

If R" is not R" can be removed by either hydrolysis, 
acidolysis, or hydrogenolysis, to afford the corresponding 
acid, which is then coupled to the urea isostere as 
ID described above and then, optionally, the R group removed to 
produce the corresponding acid, and optionally, converted to 
the amide* 



Alternatively, one can react the urea isostere 
15 with either a suitably monoprotected succinic acid or 
glutaric acid of the following struct\ire; 




20 followed by removal of the protecting group and conversion 
of the resulting acid to an amide. One can also react an 
anhydride of the following structure; 



0 




25 

with the urea isostere and then separate any isomers or 
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convert the resulting acid to an amide and then separate any 
isomers • 

It is contenplated that for preparing compounds of 
5 the Fonnulas having rS, the corrpounds can be prepared 
following the procedure set forth above and, prior to. 
coupling the urea derivative or analog thereof, e.g. 
coupling to the amino acid PNH(CH2) tCH{Rl)COOH, carried 
through a procedure referred to in the art as reductive 

ID amination. Thus, a sodivim cyanoborohydride and an 

appropriate aldehyde r6c{0)K or ketone r5c(0)r6 can be 
reacted with the urea derivative corrpound or appropriate 
analog at room tenperature in order to reductiyely aminate 
any of the conpounds of Formulas I-IV. It is also 

15 conterrplated that where r3 of the amino alcohol intermediate 
is hydrogen, the inhibitor compoxmds of the present 
invention wherein r3 is alkyl, or other siabstituent. wherein 
• the a-C contains at least one hydrogen, can be prepared 
through reductive amination of the final product of the 

20 reaction between the amino alcohol and the amine or at any 
other stage of the synthesis for preparing the inhibitor 
corrpounds . 

Conterrplated equivalents of the general formulas 
25 set forth above for the antiviral . coitpoxinds and derivatives 
as well as the intermediates are corrpounds otherwise 
corresponding thereto and having the same general properties 
such as tautomers thereof and corrpounds wherein one or more 
of the various R groi:5)S are siirple variations of the 
30 substituents as defined therein., e.g., wherein R is a higher 
allQ^l group than that indicated. In addition, where a 
s\±istituent is designated as, or can be, a iydrogen, the 
exact chemical nature of a s\jbstituent which is other than 
hydrogen at that position, e.g., a lydrocarbyl radical or a 
35 halogen, hydroxy, amino and the like functional group, is 
not critical so long as it does not adversely affect the 
overall activity and/ or synthesis procedure. 
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The chemical reactions ds-scribed above are 
generally disclosed in terms of their broadest application 
to the preparation of the coirpounds of this invention. 
5 Occasionally, the reactions may not be applicable as 

described to each compound included within the disclosed 
scope. The compoimds for which this occurs will be readily 
recognized by those skilled in the art. In all such cases, 
either the reactions can be successfully performed by 
10 conventional modifications known to those skilled in the 
art, e.g., by appropriate protection of interfering groups, 
by changing to alternative conventional reagents, by routine 
modification of reaction conditions, and the like, or other 
reactions disclosed herein or otherwise conventional, will 
be applicable to the preparation of the corresponding 
compounds of this invention. In all preparative methods, 
all starting materials are known or readily preparable from 
known starting materials. 

20 Without further elaboration, it- is believed that 

one skilled in the art can, using the preceding description, 
utilize the present invention to its fullest extent. The 
following preferred specific embodiments are, therefore, to 
be construed as merely illustrative, and not limitative of 

25 the remainder of the disclosure in any way whatsoever. 

All reagents were used as received without 
purification. All proton and carbon NMR spectra were 
obtained on either a Varian VXR-300 or VXR-400 nuclear 
30 magnetic resonance spectrometer. 
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Example 1 

Preparation of TIS- flR* (R*> . 25^11 - ^TB- F T F (1, 1- 
5 hvdroxy-1- (phenvlmethv-1 ) propyl 1 -2 - T f 2 - 

Part A : 

To a solution of 75. Og (0.226 mol) of N- 

ID benzyloxycarbon/l-L-phenylalanine chloromethyl ketone in a 
mixture of 807 itiL of methanol and 807 inL of tetrahydrofiiran 
at -2°C, was added 13.17g (0.348 mol, 1.54 equiv. ) of solid 
sodium borot^dride over one hundred minutes . The solvents 
were removed imder reduced pressure at 40**C and the residue 

15 dissolved in ethyl acetate (approx. IL) . The solution was 
washed sequentially with IM potassium hydrogen sulfate, 
saturated soditm bicarbonate and then saturated sodium 
chloride solutions. After drying over anhydrous magnesium 
sulfate and filtering, the solution was removed under 

20 reduced pressure. To the resulting oil was added hexane 
(approx. IL) and the mixture warmed to 50°C with swirling. 
After cooling to room temperature, the solids were 
collected and washed with 2L of hexane. The resulting 
solid was recrystallized from hot ethyl acetate and hexane 

25 to afford 32. 3g (43% yield) of N-benzylo^carbonyl-3 (S) - 
amino-l-chloro-4-phenyl-2(S)-butanol, irp 150-151°C and 
M+Li+ =340. 
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Part B : 

To a solution of 6.52g {0.116 mol, 1.2 equiv. ) of 
potassium l^droxide in 968 mL of absolute ethanol at room 
temperature, was added 32. 3g (0.097 mol) of N-CBZ-3{S)- 
5 amino-l-chloro-4-phenyl-2 (S)-butanol. After stirring for 
fifteen minutes, the solvent was removed under reduced 
pressure and the solids dissolved in methylene chloride. 
After washing with water, drying over magnesixam sulfate, 
filtering and stripping, one obtains 27. 9g of a white solid. 
ID Recrystallization from hot etir^l acetate and hexane afforded 
22. 3g (77% yield) of N-benzyloxycarbonyl-3 {S)-amino-l,2 (S) - 
epoxy-4-phenylbutane, itp 102-103°C and MH+ 298. 



Part C : 

15 A solution of N-benzyloxycarbonyl 3 (S) -amino-1, 2- 

{S)"epoxy-4-phenylbutane (l.OOg, 3,36 mmol) and 
isobutylamine (4.90g, 67.2 mmol, 20 equiv.) in 10 mL of 
isopropyl alcohol was heated to reflux for 1.5 hours. The 
solution was cooled to room terrperature, concentrated in 

20 vacuo and then poured into 100 mL of stirring hexane 
whereupon the product crystallized from solution. The 
product was isolated by filtration and air dried to give 
l-18g, 95% of N=[[3(S)-phenylmethylcarbamoyl)amino-2(R)- 
hydro5Q^-4"phenylbutyl ] N- [ ( 2-methylpropyl ) ] amine rrp 108.0- 

25 109. 5°C, MH+ m/2 = 371. 



A solution of [2(R), 3(S)]-N-[[3- 
(phenylmethylcarbamoyl) amino] -2-hydroxy-4-phenylbutyl]N- [ (2- 

30 methylpropyl)] amine in 10 ml of tetrahydrofuran was treated 
with tS£t-butylisocyanate (267 mg, 2.70 mmol) at room 
temperature for 5 minutes. The solvent was removed in vacuo 
and replaced with ethyl acetate. The ethyl acetate solution 
was washed with 5% citric acid, water, and brine, dried over 

35 anhydrous MgS04, filtered and concentrated in vacuo to give 
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1 . 19g, 97% of [2 (R) , 3 (S) ] -N- [ [3- {phenylmetliylcarbamoyl ) - 
amino] -2-hyc3roxy-4"phenyl] -1- [ {2-meth7lpropyl) ] ainino-2- (1,1- 
dimethyl) amino] carbonyilbutane/ MH+ m/z - 470. 

5 Part: E : 

A solution of (l.OOg, 2.21 mmol) [2 (R) , 3(S)]-N- 
[ [3- (plien/lmethylcarbamoyl) amino] -2-hydroxy-4-pheriyl] -1- [ (2- 
metlr^lpropyl) ] amino- 1- (1,1- 

dimethylethyl)ainino] carbonyl] butane in 20 mL of methanol was 
ID hydrogenated over 10% palladium-on-carbon for 4 iiours to 
give [2 (R) , 3 (S) ] -N- [ [3-amino] -2-l:5rdroxy-4 -phenyl] -1- [ (2- 
metliylpropyl) amino-1- (1 , 1- 

dimetlr^lethyl) amino] carbonyl] butane 720 mg^ 97% • 
15 P^rt F : 

A solution of M-Cbz-L-asparagine (602mg, 2.26 
mmol) and M-hydroxybenzotriazole (493 mg, 3,22 mmol) in 2mL 
of dimetlnylf ormamide was cooled to 0*^0 and treated with EDC 
(473 mg, 2.47 mmol) . The solution was allowed to stir at 

20 0°C for 20 minutes and then treated with E2(R)f 3(S)]-N- 

[ [3-amino] -2-]:]ydroxy-4-phenyl] -1- [ {2-metliylpropyl ) ] amino-1- 
(l,l-dimetlylet]nyl) amino] carbonyl] butane (720 mg, 2.15 
mmol) in ImL of dimethylformamide. The solution was 
allowed to warm to room terrperature and held at ttiis 

^ temperature for 7 hours . The reaction mixture was then 
poured into 100 mL; of 60% saturated aqueous sodium 
bicarbonate whereupon a wliite precipitate formed tliat was 
isolated by filtration. The filter calce was washed with 
water, 5% aqueous citric acid, water and then dried in 

30 vacuo to give 1.04g, 83% of [IS- [IR* (R*) , 23*]]- n1[3- 
[ [ [ (Irl-dimetl^rlethyDaminol-carbonylJ (2- 
methylpropyl) amino] -2-hydro5^-l-(phenylmethyl) propyl] -2- 
[ (phenylmettii^lcarbamoyl) amino] -but anediamide, irp; 164.0- 
166. 5°C/ MH+ m/z = 584. 
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Part G . 

A solution of [1S-[1R*(R*) , 2S*] ]- n1[3-[ [ [ (1,1- 
dirnethylethyl) amino] carboiyl] {2-inethylpropyl) amino] -2- 
5 liydroxy-1- (plienylmethyl ) propyl J -2- [ (phenylmetJiylcarbamoyl ) - 
amino] -butanediamide {1..00g, 1.72 mmol) in 10 mL of methanol 
was hydrogenated over 10% palladium-on-carbon for 4 hours to 
give [1S-[1R*{R*), 2S*]]- n1[3-[[[ {1,1-dimethylethyl) amino] - 
carbonyl ] ( 2 -methylpropyl ) amino] -2 -hydroxy-1 - 
ID (phenylmetlnyl)propyl]--2-amino] -butanediamide, 784mg, 99%. 

Part H: 

A mixture of [IS- [IR* (R*) , 2S*] ] - n1 [3- [ [ [ (1, 1- 
dimethylethyl) amino] carbonyl] (2-methylpropyl) amino] -2- 

15 hydro5Q^-l- (phenylmethyl ) propyl] -2-amino] -butanediamide , (784 
mg, 1.70 mmol), 2-quinoline carboxylic acid iJ- 
hydroxysuccinimide ester (459 mg, 1.70 mmol), iJ- 
methylmorpholine (343 mg, 3.40 mmol) in 5 mL of 
dichloromethane was stirred at room temperature for 15 

20 minutes. The solvent was removed in vacuo and replaced with 
etliyl acetate and the solution washed with 5% aqueous citric 
acid, saturated aqueous sodium bicarbonate, brine, dried 
over anhydrous MgS04/ filtered and concentrated in vacuo. 
The crude product was recrystallized from acetone/hexane to 

25 give 790 mg, 77% of [IS- [IR* (R*) , 2S*]]- n1 [3- [ [ [ (1, 1- 
dimethylethyl ) amino] carbonyl ] ( 2-metliylpropyl ) amino] -2- 
hydrox/-!- (phenylmethyl) propyl] -2 - [ (2- 
quinolinylcarbonyl)amino]-butanediamide, mp 107. 0-109. 8°C, 
MH+ = 605. 
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Example 2 



The procedure described in Example 1, part C-H, 
was used to prepare [1S-[1R* (R*) , 2S*]]- n1 [3- [ [ [ (1, 1- 
35 dimethyleth/1) amino] carlDonyl] {3-methylbutyl) amino] -2- 

l^droxy-l- (phenylmethyl) propyl] -2- [ ( 2 -quinolinyl carbonyl ) - 
amino] -butanediamide. 
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a) From the reaction of 1.0 fig (3.56inmol) of N- 
benzyloj^carbonyl 3 (S) -amino-l, 2- (S) -epo><y-4-phenylbutane 
and 6.25g (71.7inmol) of isoairylamine, one obtains 1.27g 
5 (92%) of [2(R), 3(S)]-N--[[3-(phenylineth/lcarbainoyl)ainino]-2- 
hyciro5(y-4-pHenylbutyl]N-[(3-methylbutyl) ]am irp 130-132°C 
and MH* 385. This amine (400mg, . 1. 04mmol) was then reacted 
with teirt -butylisocyanate (llOmg, l.llmmol) to afford 500mg 
(100%) of [2 (R) , 3 (S) ] -N- [ [3- (phenylmethylcarbamoyl) amino] - 
ID 2 -hydrbxy-4-phenyl ] -1- [ ( 3 -methylbutyl ) ] amino-1- (1,1- 

dime thy lethy) amino] carboriyl] butane; as an oil, M^+ 484. 

b) The CBZ protected corrpound (530mg, l.lOmmol) was 
then deprotected by hydrogenation over 10% palladiUm-on- 

15 carbon and the resulting free amine coupled with N-CBZ-L- 
asparagine (377mg, 1.42mmol) in the presence of N- 
]iydro5c/tienzotriazole (290mg, 2.15mmol) and EDC (300mg, 
l.Semmol) to yield 43 Omg (53%) of [IS- [IR* (R*) / 2S*]]-n1[3- 
[ [ t (1/ 1-dimethyletlnyl) amino] carbonyl J {3-methylbutyl) amino] - 

20 2"liydroxy-l- (phenylmetlyl) propyl] -2- 

[ (phenylmethylcarbamoyl) amino] -butanediainide, irp 148-151°C 
(dec) and MH+ 598. This coitpound (370mg, 0.519mmol) was 
then deprotected by liydrogenation over 10% palladium-on- 
carlx>n and the resulting free amine coupled with 2- 

25 quinolinecarboxylic acid N-l]ydro3^"Succinimide ester (193mg, 
0.714mmol), in the presence of N-methylmorpholine, to afford 
310mg (70%) of pure [1S-[1R*(R*) , 2S*]]- n1[3- [ [ [ (l^l- 
dimethyletliyl) amino] carlxDnyl] (3 -methylbutyl) amino] -2- 
ir/droyy~l- (phenylmetlnyl) propyl] -2- [ (2- 

30 guinolinyl carbonyl) amino] ^butanediamide; mp 93.5-95.5°C and 
MH+ 619. 
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Example 3 

The procedure described in Example 1, part C-H, 
was used to prepare [IS- [IR* (R*) , 23*]]- n1[3-[[[(1,1- 
dimethylethyl ) amino] carbonyl] 2-naptlTylmethyl ) amino] -2- 
Ir^droxy-l- (plienylmethyl) propyl] -2- [ (2- 
quinolinylcarbonyl) amio] -butanediamide . 

a) From the reaction of l.SOg {6.05mmol) of N- 
benzyloxycarbonyl 3 (S) -amino-1 , 2- (S) -epo5c/-4-phenylbutane 
and 1.15g (7.31mmol) of 2- (aminomethyl) naphthalene, one 
obtains 2. llg (77%) of [2(R), 3(S)]-N-[[3- 

(phenylmethyl carbamoyl) amino] -2-hydroxy-4-phenylbutyl] N- [ (2- 
naptt^lmethy 1 ) ] amine / MH+ 455. This amine (366, 8mg , 
0.807mmol) was then reacted with tert -butylisocvanate 
■(66.4mg, 0.67mmol) to afford 350, Omg (94%) of [2(R), 3(S)]- 
N- ( [3- (phenylmethyl carbamoyl) amino] -2-hydroxy-4-phenyl] -1- 
[ ( 2 -napthylmethy 1 ) ] amino-1- (1,1- 

dimetliyletliyl) amino] carbonyl] butane; as an oil, MH+ 554. 

b) The CBZ protected coirpoiand (330mg, 0.596mmol) was 
then deprotected by hydrogenation over 10% pal ladiiam- on- 
carbon and the resulting free amine coupled with N-CBZ-L- 
asparagine (165. Img, 0.62mmol) in the presence of N- 
tiydroxybenzotriazole (142.3mg, 0.93mmol) and EDC (130.7mg^ 
0.68mmol) to yield 161. 7mg (41%) of [IS- [IR* (R*) , 2S*]]- 

n1 [3- [ [ [ (1, 1-dimetliylethyl) amino] carbonyl] (2- 
napttylmetliyl) amino] -2-hydro5^-l- (phenylmethyl) propyl] -2- 
[ (phenylmethylcarbamoyl) amino] -butanediamide; mp 151-152°C 
(dec) and MH+ 668, This corrpound (91. Omg, 0,136mcnDl) was 
then deprotected hy liydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled with 2- 
quinolinecarbo^^lic acid N-hydroxysuccinimide ester (36.8mg, 
0.136mmol), in the presence of N-metl^lmorpholine, to afford 
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65.8ing (70%) of pure [IS- [IR* (R*) , 2S*]]- Nlt3-t[[(l,l- 
diInethirleth7l)aIninolcarbonyl] (2-napthylinethyl)ainino] -2- 

(phenylmethyl) propyl] -.2- [ (2- 
guinolinylcarbonyl) amino] -but anediamide; np 119-120°C and S 
5 MH+ 689. 

£ 

The procedure described in Exairple 1, part C-H, 
ID was used to prepare [lS-tlR*(R*) . 2S*]]- n1 [3- [ [ [ (1, 1- 
dimethylethyl) amino] carbonyl] {2-phenylethyl) aininoI-2- 
hydro3<y-l- (phenylmethyl ) propyl] -2- [ ( 2- 
guinolinylcarbonyl ) amino ] -butanediamide . 

35 a) From tlie reaction of l.OOg {3.36inmol) of N- 

benzyloj^carbonyl 3 {S)-amino-l,2- (S)-epoxy-4-phenylbutane 
and 8.19g {67.0mmol) of 2-phenetl::yl amine, one obtains l.lOg 
(79%) of [2(R) , 3(S)]-N-[[3-(phenylmethylcarbamoyl)amino]-2- 
hydro3<y-4-p]ienylbutyl]N-[ (2-phenylethyl)] amine, rrp 137-13 8°C 

20 and MH+ 419- This amine (750mg, 1.79mmol) was then reacted 
with igrt-butylisocyanate {178mg, 1.79mrrol) to afford 897mg 
•(97%) of [2{R), 3{S)]--N-[[3-(phenylmethylcarbamoyl)amino]- 
2-]iydro5Qr-4-phenyl] -1- [ (2-pheriylethyl) ] amino-1- (1,1- 
dimethylettiyl) amino] carbonyl] butane; as an oil, MH"*- 518.- 

25 

• b) The CBZ protected coirpound (897mg^ 1.73rnmol) was 

then deprotected hy hydrogenation over 10% palladi\am-on- 
carlDon and the resulting free amine coupled with N-CBZ-L- 
asparagine (620. 7mg, 2.33mrnol) in the presence of N- 

30 hydroxybenzotriazole (509. 5mg, 3.33mmol) and EDC (488. Omg, 
2.55icinol) to yield l.OOg (92%) of [1S-[1R* (R*) , 2S*]]- 
n1 [3 [ [ E (1/ l-dimethyletl^l) amino] carbonyl] (2- ^ 
pheriyletliyl ) amino] -2-hydroxy-l- (phenylmetliyl ) propyl] -2- 
[ (phenylmethylcarbamoyl) amino] "butanediamide; irrp 145°C (dec) 

35 and MH+ 632. This coirpomd (860mg, l.SSmmol) was then 

deprotected by Inydrogenation over 10% palladium-on-carbon 
and the resulting free amine coupled with 
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2-quinolinecarboxylic acid N-hydroxysuccinimide ester (338mg, 
1.25inmol), in the presence of N-meth/lmorpholine, to afford 
450. tog (55%) of pure [IS- [IR* (R*) , 2S*] ] - n1 [3 [ [ [ (1, 1- 
diinethylethy 1 ) amino ] carbonyl ] { 2 -pheny lethyl ) andno] -2 - 
5 hydrox/-!" (phenylmethyl) propyl] -2- [ (2- 

quinolinylcarbonyl) amino] -butanediamide; mp 139-140''C and 
MH+ 653. 

P?<ainplQ 5 

ID 

The procedure described in Example 1, part C-H, 
was used to prepare [IS- [IR* (R*) , 28*]]- n1[3-[[[(1,1- 
dimethylethyl ) amino] carbonyl] (2,2 -dimethylpropyl ) amino ] - 2 - 
hydrox/-l- (phenylmethyl) propyl] -2- [ (2- 
15 guinolinylcarbonyl ) amino] -butanediamide . 

a) From the reaction of 1.0 Og (3.36mmol) of N- 
benzyloxycarbonyl 3 (S) -amino-1, 2- (S) -epoxy-4-phenylbutane 
and 7.9mL (approx. 67mcnol) of neopentyl amine, one obtains 

20 0,69g (49%) of [2 (R) , 3(S)]-N-[[3- 

(phenylmethylcarbamoyl) amino] -2-hydroxy"4-phenylbutyl ] N- 
[(2,2-dimethylpropyl)]amine, MH+ 385. Tliis amine (686mg, 
1.78mmol) was then reacted with isrt-butylisocyanate (ISOmg, 
1.78mmol) to afford 860mg (100%) of [2{R), 3(S)]-N-[[3- 

25 (phenylmeth/lcarbamcyl) amino] -2-hydroxy-4-phenyl] -1- [ {2, 2- 
dimethylpropyl ) ] amino-1- (1,1- 
dimethylethyl) amino] carbonyl] butane; MH+ 484. 

b) The CBZ protected compound (860mg, 1.78mmol) was 
30 then deprotected by hydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled with N-CBZ-L- 
asparagine (471mg, 1.77mmol) in the presence of N- 
hydroxybenzotriazole (406mg, 2.66mmol) and EDC (374mg, 
1.95mmol) to yield 326mg (34%) of [1S-[R*(R*), 2S*]]- n1[3- 

35 [ [ [ (1 , 1-dimetliyletlnyl ) amino] carbonyl ] ( 2 , 2 - 

dimetlrylpropyl ) amino] -2-hydroxy-l- (phenylmethyl ) propyl ] -2- 
[ (phenylmethylcarbamoyl) amino] -butanediamide; irp 177-178^*0 
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and MH+ 598. This coirpound (245ing, 0.41mmol) was then 
deprotected by hydrogenation over 10% palladium-on-carbon 
and the resulting free amine coupled with 2- 
quinolinecarboxylic acid N-t^droxy- succinimide ester 
5 {lllmg, 0.41inmol), in the presence of N-methylmorpholine, to 
afford ISOmg (59%) of pure [lS-tR*(R*). 2S*]]- n1[3-[[[(1,1- 
dimethylethyl) amino] carbonyl] {2, 2-dimethylpropyl ) amino] -2- 
hydro3^-l- (phenylmetl^l) propyl] -2- [ (2- 

quinolinylcarbonyl) amino] -butanediamide; irp 115-117°C and 
ID MH+ 619. 

Example 6 

The procedure described in Exairple 1, part C-H, 
15 was used to prepare [1S-[R*(R*), 2S*]]- n1 [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] {4-methoj^henylmethyl) amino] - 
2-hydro3<y-l- (phenylmethyl) propyl] -2- [ (2- 
guinolii]ylcarbonyl ) ainino ] -butanediamide ; 

20 a) From the reaction of l.OOg (3-36mmol) of N- 

benzylojQTcarboiiyl 3 (S) -amino-1, 2- (S) -epoxy-4-phenylbutane 
and 9\2g {67mmol) of 4-metho5q^benzyl amine, one obtains 
1.12g (75%) of [2(R), 3(S)]-N-[[3-(phe]:iylmetl:^lcarbamoyl)- 
aminol"2-l:ydro3Qr-4-pher^lbutyl]N- [ (4-methoxyphenyl" 

25 methyl)} amine, MH+ 435. This amine (1.12g, 2.58mmol) was 
then reacted with i^rt-butylisocyanate (2&0mg, 2.58mmol) to 
afford 1.35g (98%) of [2(R), 3 (S) ] -N- [ [3- (phenylmeth^l- 
carbamoyl) amino] -2-l:ydro5^-4-phenyl] -1- [ (4- 
metlioxi^herrylmethyl) ] amino-l- (1, 1-dimethylethyl) amino] - 

30 carboi]yl] butane; MH+ 534. 

b) The CBZ protected compoxmd (1.35g, 2.53mmol) was 
then deprotected irf li/drogenation over 10% palladium-on- 
carbon and the resulting free amine coupled with N-CBZ-L- 
35 asparagine (684mg, 2.57mmol) in the presence of N- 

hydrojQ^benzotriazole (590ing, 3,85mmol) and EEX: (543mg, 
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2.83inmol) to yield 442ing (29%) of [IS- [IR* (R*) , 2S*]]- 
n1[3-[[[ (lA"diiriethylethyl)ainino]carbonyl] (4- 
methoxyphenylmethyl ) amino] -2-liydroxy-l- 
(phenylmethyl ) propyl ] -2- [phenylmethyl carbamoyl ) amino] - 
5 butanediamide; mp 175°C (dec) and MH+ 648. Tliis compound 
(345ing, 0.53mmol) was tlien deprotected hy liydrogenation over 
10% palladium-on-carbon and tlie resulting free amine coupled 
with 2-quinolinecarboxylic acid N-liydroxy-succinimide ester 
(llBirtg, 0.44mmol), in the presence of N-methylmorpholine, to 
10 afford lOSmg (31%) of pure [IS- [IR* (R*) . 2S*]]- Nl[3- 
[ [ [ ( 1 , l-dimetlr/lettyl ) amino] carbonyl 1 ( 4- 
methoj^henylmethyl ) amino] -2-lriydro5c/-l- 
(phenylmetliyl) propyl] -2- [ (2-quinolinylcarbonyl) amino] - 
butanediamide; . mp 220°C (dec) and MLi+ 675, 
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Example 7 

The procedure described in Exaitple 1, part C-H, 
was used to prepare [1S-[1R*(R*) , 2S*]]- n1[3- [ [ [ (1,1- 
5 dimethylethYl) ainino] carbonyl] (n-butyl) amino] -2-hydrQxy-lT 
(phenylmethyl) propyl] -2- [ {2-ciuinolin7lcarbonyl) aminol - r 
butanediamide . 

a) From the reaction of l,48g {5.0ramol'>- of 
10 N-benzyloxycarbonyl 3 (S ) -amino-1 , 2 - ( S ) -epoxy-4-pher^lbutane 
and 7.314g (lOO.Ommol) of n-butyl amine, one obtains 1.50g 
(80%) of [2(R), 3{S)]-N-[[3"(phenylmethylcarbamoyl)amino]-2- 
hydroxy-4-phenylbutyl]N-tn-butyl)] amine. This amine- (1.48g, 
4.0mmol) was then reacted with tert-butylisocyanate {396mg, 
15 4.0mol) to afford l.avg (100%) of [2 (R) , 3 (S) J-IT-rp- 
(phenylmethylcarbamoyl) amino] -2-tYdrox7-4-phenyll.-l-[ {n- 
butyl ) ] amino-1- ( 1 , l-dimetl^lethyl ) amino] carbonyl ] lautane as 
an oil, 

20 b) The CBZ protected coirpound {1.87g, 4*0mmol) 

was then deprotected by hydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled wittt HK3Z-L- 
asparagine (l»05g, 3.96mmol) in the presence of K- 
hydroxybenzotriazole (535mg, 7.9mmDl) and EDC (TSSrcg-, 

25 3.96mmol) to yield 1.75g (76%) of [IS- [IR* (R*) , 25*1]- n1 [3- 
[ [ [ (1, 1-dimethylethyl) amino] carbonyl] (n-butyl) amino] -2- 
hydro5Q^-l- (phenylmethyl) propyl] -2- 

[ (phenylmethylcarbamcyl) amino] -butanediamide; up 166-167*^C 
andMH+ 584. 



30 
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Example fi 

The procedure described in Exairple 1, part C-H, 
was used to prepare [1S-[1R* (R*) , 2S*]]- Nl [3- [ [ [ (1, 1- 
5 dimethylethyl) amino] carbonyl] (phenylmeth/1) amino] -2-tydroxy- 
1- (phenylmeth/l) propyl] -2- [ (2-quinolinylcarbonyl) amino] - 
butanediamide . 

a) From the reaction of 1.48g (S.Ommol) of N- 
10 benzyloxycarbonyl 3 (S) -amino-1, 2- (S) -epoxy«4-phenylbutane 
and lO.eSg (lOO.Ommol) of benzyl amine, one obtains l.SSg 
(95%) of [2(R), 3(S)]-N-[[3-{phenylmethylcarbamoyl)amino]-2- 
hydro5c^-4-phenylbutyl]N- [ (phenylmethyl) ] amine. This amine 
(l.aSg, 4.65mmol) was then reacted with ieii-butylisocyanate 
15 {460. Omg, 4.6mmol) to afford 2.2 4g (95%) of [2 (R) , 3(S)]-N- 
[ [3- (phenylmethylcarbamcyl) amino] -2 -hydroxy-4 -phenyl] -1- 
t (phenylmethyl) ] amino-1- (1/ l-dimethylethyl) amino] carborr^l] 
butane, 

20 b) The CBZ protected conpound (2.22g, 4.4mmol) was 

then deprotected by hydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled with N-CBZ-L- 
asparagine (1.17g, 4.4mmol) in the presence of N- 
hydroxybenzotriazole (1.19g, B.Bmmol) and EDC (843mg, 

25 4.4mmol) to yield 2.11g (78%) of [IS- [IR* (R*) , 2S*]]-Nl[3- 
[ [ [ (1 / 1-dimethyl ethyl ) amino] cart>onyl ] (phenylmethyl ) amino ] -2 - 
hydro5<y-l- (phenylmethyl) propyl] -2- 

[ (phenylmethylcarbamqyl) amino] -butanediamide; mp 156-158°C 
and MH+ 618. This coirpound (l.Og, l,62mmol) was then 

30 deprotected by liydrogenation over 10% palladium-on-carbon 
and the resulting free amine . coupled with 2- 
quinolinecarlDOxylic acid N-hydroxysuccinimide ester (437mg, 
1.62mmol), in the presence of N-methylmorpholine, to afford 
640mg (62%). of pure [IS- [IR* (R*) , 2S*] ] - n1 [3- [ [ [ (1, 1- 

35 dimethyletliyl ) amino] carbonyl] (phenylmetlnyl ) amino] -2-liy'droxy- 
1- (phenylmethyl ) propyl] -2- [ (2-guinolinylcar]Donyl ) amino] - 
butanediamide; irp 110.5-112. 5°C and MH+ 639. 
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Additional exerrplary coirpounds of the present 
invention are listed in Table 1. These coinpoxmds were 
5 prepared according to the following general procedures. 

General Procedure for the Synthesis of- lr^-nT;=rTin-in Q 4-Dhenvl 
Butan-2-ol Derivatives, ^ 

A mixtxare of the amine r3n^ (20. equiv. ) in dry 
10 isopropyl alcohol (20inL/inmol of epoxide to be converted) was 
heated to reflux and then treated with, an N-Cbz amino 
epoxide of the fonraola: 




15 . ~ 

from a solids addition funnel over "a^- 10-15 minute period. 
After the addition is complete tKe solution was maintained 
at reflux for an additional 15 TnfrTnfes and the progress of 
the reaction monitored b/ TLC. Ihe aseaction mixture was 

20 then concentrated Mk vacuo to give an oil that was treated 
with n-hexane with rapid stirriny whereupon the ring opened 
material precipitated from solution. Precipitation was 
generally conplete within 1 hr and the product was then 
isolated by filtration on a Buchner funnel and then air 

25 dried. The product was firrther dried in vacuo . This method 
affords amino alcohols of suf f icient. pinrity for most 
purposes . 
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General Procedure for the SvnhhQsis of Amino Epoxides 

The amino epoxides can be prepared as shown in the previous 
example. Preferably, such amino epoxides are prepared 
5 utilizing the following procedure. 

gtgp A: 

A solution of L-phenylalanine (50.0 g, 0.302 
mol), sodium hydroxide (24.2 g, 0.605 mol) and potassium 

10 carbonate (83.6 g, 0.605 mol) in water (500 ml) is heated 
to 97^C. Ben2yl bromide (108.5 ml, 0.912 mol) is then 
slowly added (addition time --25 min) . The mixture is then 
stirred at 97°C for 30 minutes. The solution is cooled to 
room teirperat\ire and extracted with toluene (2 x 250 ml) . 

15 The combined organic layers are then washed with water, 
brine, dried over magnesium sulfate, filtered and 
concentrated to give an oil product. The crude product is 
then used in the next step without purification, 

20 Step B : 

The crude benzylated product of the above step 
is dissolved in toluene (750 ml) and cooled to -55''C. A 
1.5 M solution of DIBAL-H in toluene (443.9 ml, 0.656 mol) 
is then added at a rate to maintain the tenperature between 

25 -55° to -50°C (addition time - 1 hour) . The mixture is 

stirred for 20 minutes at -55°C. The reaction is quenched 
at -55°C by the slow addition of methanol (37 ml) . The 
cold solution is then poured into cold (5°C) 1.5 N HCl 
solution (1.8 L). The precipitated solid (approx. 138 g) 

30 is filtered off and washed with toluene. The solid 

material is suspended in a mixture of toluene (400 ml) and 
water (100 ml) . The mixture is cooled to 5°C, treated with 
2.5 N NaOH (185 ml) and then stirred at room temperature 
until the solid is dissolved. The toluene layer is 

35 separated from the aqueous phase and washed with watr and 
brine, dried over magnesium sulfate, filtered and 
concentrated to a voliime of 75 ml (89 g) . Ethyl acetate 
(25 ml) and hexane (25 ml) are then added to the residue 
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upon which the alcohol product begins to crystallize. 
AFter 30 min. , an additional 50 ml hexane is added to 
promote firrther crystallization. The solid is filtered off 
and washed with 50 ml hexane to give approximately 35 g of 
5 material. A second crop of matrial can be isolated ty 

refiltering the mother liquor. The solids are combined and 
recrystallized from etl^l acetate (20 ml) and hexane (30 
ml) to give^ in 2 crops, approximately 40 g (40% from 
L-phenylalanine) of analytically pure alcohol product. Ihe 
10 mother liquors are combined and concentrated (34 g) . The 
residue is treated vri.th ethyl acetate and hexane which 
prof ides an additional 7 g (-7% yield) of slightly impure 
solid product. Further optimization in the recovery from 
the mother liquor is probable. . 

15 

Stgp C; 

A solution of oxalyl chloride (8.4 ml, 0.096 
mol) in dichloromethane (240 ml) is cooled to -74°C. A 
solution of DMSO (12.0 ml, 0.155 mol) in didiloromethane 

20 (50 ml) is then slowly added at a rate to maintain the 

terrperature at -74^C (addition time -1.25 hr) . The mixture 
is stirred for 5 min. followed hy addition of a solution of 
the alcohol (0.074 mol) in 100 ml of dichloromethane 
(addition . time -20 min.., terrp. -75°C to -68°C) . The 

25 solution is stiirred at -78^C for 35 minutes. Triethylamine 
(41.2 ml, 0.295 mol) is then added over 10 min. (tertp. -78° 
to -68^C) upon which the ammonium salt precipitated. The 
cold mixture is stirred for 30 min. and then water (225 ml) 
is added. The dichloromethane layer is separated from the 

30 aqueous phase and washed with water, brine, dried over 

magnesium sulfate, filtered and concentrated. The residue 
is diluted with ethyl acetate and hexane and then filtered 
to fxjrther remove the airmonium salt. The filtrate is 
concentrated to give the desired aldehyde product. The 

35 aldel:^de was carried on to the next step without 
purification. 
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Teirperatures higher than -lO^'C has been reported 
in the literature for the Swem oxidation. Other Swem 
modifications and alternatives to the Swem oxidations are 
also possible. 

5 

A solution of the crude aldeh/de 0.074 mol and 
chloroiodomethane (7.0 ml, 0.096 mol) in tetrab^dro.furan 
(285 ml) is cooled to -78*^C. A 1.6 M solution of „ 
n-butyllithium in hexane (25 ml, 0.040 mol) is then> added 

10 at a rate to maintain the teirperature at -75°C (addition 
time - 15 min.). After the first addition, additional 
chloroiodomethane (1.6 ml, 0.022 mol) is added again, 
followed by n-butyllithi\jm (23 ml, 0,037 mol), keying the 
teirperature at "75*^0. The mixture is stirred for 15 min. 

15 Each of the reagents, chloroiodomethane (0.70 ml, 0.010 
mol) and n-butyllithium (5 ml, 0.008 mol) are added 4 more 
times over 45 min, at "75°C. The cooling bath is then 
removed and the solution warmed to 22°C over 1.5 hr., JQie 
mixture is poured into 300 ml of saturated ag. pmrn mimn 

20 chloride solution. The tetrahydrofuran layer is.- separated. 
The aqueous phase is extracted with ethyl acetate tl 300 
ml) . The combined organic layers are washed with. hrine; 
dried over magnesium sulfate, filtered and concentrated to 
give a b rown oil (27.4 g) . The product could be used in 

25 the next step without purification. The desired 

diastereomer can be purified by recrystallization at a 
subsequent step. 

Alternately, the product could be purified, 
30 chromatography. 

General procedure for the Reaction of Amino Alcohols with 
Isocvanates: Prepar ation of Ureas 

35 A solution from the amino alcohol in 

tetrahydrofuran (THF) was treated at room tenperature with 
the appropriate isocyanate of formula R^ncO ^Ha syringe 
under nitrogen. After the reaction has stirred for -5m the 
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progress of the reaction was monitored by TLC. The solvent 
was removed in vacuo and the product obtained was of 
sufficient purity for most purposes . The product may be 
further purified by dissolution in ethyl acetate and washing 
5 with 5% aqueous citric acid, water, and brine. The solvent 
is dried over anhydrous magnesium sulfate, filtered and 
concentrated in vacuo to give the pure urea. 

General Procedure fo r the Removal of the Protecting Groups bv 
10 Rvdroaenolvsis wit h Palladium on Carbon 

A- Alcohol Solvent 

Hie Cbz-protected peptide derivative was dissolved 
in methanol (ca.20mL/mmol) and 10% palladiijon on carbon 

15 catalyst is added under a nitrogen atmosphere. The reaction 
vessel is sealed and flushed 5 times with nitrogen and then 5 
times with hydrogen. The pressure is maintained at 50 psig 
for 1-16 hours and then the hydrogen replaced with nitrogen 
and the solution filtered through a pad of celite to remove 

20 the catalyst. The solvent is removed in vacuo to give the 

free amino derivative of suitable purity to be taken directly 
on to the next step. 

B. Acetic Ac id Solvent 

25 The Cbz-protected peptide derivative was dissolved 

in glacial acetic acid (20mL/mmol) and 10% palladium on 
carbon catalyst is added under a nitrogen atmosphere. The 
reaction vessel is flushed 5 times with nitrogen and 5 times 
with hydrogen and then maintained at 40 psig for about 2h- 

30 The hydrogen was then replaced with nitrogen and the reaction 
mixture filtered through a pad of celite to remove the 
catalyst. . The filtrate was concentrated and the resulting 
product taken up in 'anhydrous ether and evaporated to dryness 
3 times. The final product, the acetate salt, was dried in 

35 vacuo and is of suitable purity for subsequent conversion. 
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General Procedure for Removal of Boc-prntg^ctina Group with 4M 
Hydrochloric Acid in Dioxanp 

The Boc-protected amino acid or peptide is treated 
5 with a solution of 4N HCl in dioxane with stirring at room 
temperature. Generally the deprotection reaction is- eorrplete 
within 15 minutes, the progress of the reaction- is monitored 
by thin layer chromatography (TLC) . Upon corrpletion, the 
excess dioxane and HCl are removed by evaparatiOEn ixi vacuo . 
10 The last traces of dioxane and HCl are best removed by 
evaporation again from anhydrous ether or acetone. The 
hydrochloride salt thus obtained is thoroughly dried in vacuo 
and is suitable for further reaction. 

15 PPC/SQBt Coupling of Cbz-Asparaaine (Geng^ra l Proc^dnrP) 

U-CBZ-(L-asparagine (l.lOeq) and H-- 
hydroxybenzotriazole (HOBt) (1.5eg) are dissolved in dry 
dimethylformamide (DMF) (2-5mL/mmol) and cooled- in an ice 

20 bath. 1- {3"dimethylaminopropyl) -S-ethy-lescAadiimide 
hydrochloride (EDC) (l.lOeg) is added to tbe stirring 
solution and maintained at O^'C for 10 minutes^. A solution of 
the amino conponent (free amine), l.Oeq in DMF (l-2mL/mmol) , 
is added. [In the case of the amine hydrochloride or acetate 

25 salt, an equivalent of H-methylmorpholine is also added.] 

The reaction mixture is stirred at 0°C for 1 hour and then at 
room temperature for -5-6 hours. The reaction mixture is 
then poured into a rapidly stirring solution of 60% saturated 
aqueous sodium bicarbonate (ca-50mL/mmol) . An immediate 

30 white precipitate forms which is collected on a Buchner 

funnel and the solid washed thoroughly with saturated aqueous 
sodiim bicarbonate, water, 5% aqueous citric acid solution 
and water. The product is thoroughly dried in vacuo and 
redissolved in DMF, filtered and reprecipitated by the 

35 addition to water. The precipitated product is isolated by 
filtration, washed again with water and dried in vacuo . 
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General Procedu re for Acvlation with 2-Ouinoline Cari^owlic 
Acid N-Hvdroxv-succinimide Ester 

5 A solution of the free amine (or amine acetate 

salt) and 1*0 equivalent of M-hydroxysuccinimide 2-guinoline 
carbox/late in anhydrous dichloromethane was treated with 
1,5 equivalents of M-methylmorpholine (NMM) at room 
terrp^ature. The progress of the reaction was monitored by 

10 TLC and when the reaction was corrplete the reaction mixture 
was diluted with additional dichlorom.ethane and the solution 
washed with saturated aqueous sodium bicarbonate, 5% aqueous 
citric acid, water and brine. The solution was dried over 
anhydrous magnesiiam sulfate, filtered and concentrated in 

15 vacuo . The product thus obtained was recrystallized from a 
mixture of acetone and hexane. 
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TABLE 1 




CONH. 



Entry Ho . 


R 


r3 


r4 


1 - 


Cbza 


CH3 


n-Butyl 


2 - - - 


Cbz 


i-Butyl 


CH3 


3 


Cbz 


i-Butyl 


n-Butyl 


4 


Qb 


i-Butyl 


n-Butyl 


5 


Cbz 


i- Propyl 


n-Butyl 


6 


Q 


i- Propyl 


n-Butyl 


7 


Cbz 


C6H5 


n-Butyl 


8 


Cbz 


-CH2-0 


n-Butyl 


9 


Cbz 


-CH2-0 


n-Butyl 


10 


Q 


-CH2-^ 


n-Butyl 


11 


Cbz 


-0 


n-Butyl 


12 


Cbz 


i-Butyl 


n- Propyl 


13 


Cbz 


i-Butyl 


-CH2C:H(CH3)2 


14 


Cbz 


(R)-CH(CH3)~Q 


n-Butyl 


15 


Cbz 


-CH2-Q 


i- Propyl 



10 



15 
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TABLE 1 fCont'd.) 



Entry No. R 



1 c 






-CH9CH9CH (CH3 ) 2 


17 


Cbz 


i-Butyl 


-CH2CH3 


18 


C3dz 


i-Butyl 


-C3I(CH3)2 


19 


Cbz 


i-Butyl 


/-\ 


20 


Q 


i-Butyl 




21 


C3dz 


-CH2— 




22 


Cbz 


(Cfi2)2CHluti3}2 




23 


Q 


i-Butyl 


— v^-"j / z 


24 


Cbz 


. i-Butyl 




25 


Q 


i-Butyl 




26 


Cbz 


-ai2"-|6)6) 


-C(CH3)3 


27 


Q 


-ai2-lglg) 


-C(CH3)3 


28 


Cbz 


-(ai2)2CtI(CH3)2 


-C{CH3)3. 


29 


Q 


-(CH2)2CH{CH3)2 


-C(CH3)3 


30 


Cbz 


-C2i2C6H5 


-C{CH3)3 


31 


Q 


-CH2C6H5 


-C (CH3 ) 3 


32 


Cbz 


-(CH2)2C6H5 


-C(CH3)3 


33 


Cbz 


-(ai2)2C6H5 


-C{CH3)3 


34 


Cbz 


n-Butyl 


-C(aH3)3 


35 


Cbz 


n-Pentyl 


~<- lv_rl3^ 3 


36 


Cbz 


n-Hejyl 


-C(CH3)3 


3.7 . 


Cbz 


-CH2--0 


-C(CH3)3 


38 


Cbz 


-ai2C(CH3)3 


-C(CH3)3 


39 


Q 


-CH2C(CH3)3 


-C(CH3)3 


40 


Cbz 


-CH2CH2-N 0 


-C{CH3)3 


41 


Cbz 


-CH2C6H5OCH3 (para) 


-C{CH3)3 
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TABLE 1 fConfc'd.^ 
Entry No. R. r3 r4 



5 42 .Cbz -CE2-Hi y -C(C3i3)3 



43 Cbz -CH2-<0 N -C(CH3)3 



44 Cbz -(CH2).2C(CH3)3 -C (013)3 

45 Q -(CH2)2C{CH3)3 -C{CH3)3 

46 Cbz -(CH2)4CH -C(CH3)3 
10 47 Q -(CH2)-4GH -C(CH3)3 



48 Q -CH2-^g^-F -C(CH3)3 

49 Q -CS2-\0^ -C(CH3)3 



50 BK^r>A^ • -CH2CH(CH3)2 -C(CH3)3 




51 -CH2CH(CH3)2 -C(CH3)3 

O 

15 52 (CH3)2N*^^^x'^ -CH2CH(eH3)2 -C(CH3)3 

O 

53 ^QVi -CH2CH(CH3)2 -C (013)3 




54 0\ // -CH2CH{CH3)2 -C (013)3 



55 -CH2CH(CH3)2 -C(CH3)3 
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TABLE 1 (Cont'd.) 



Entjry No. R 



r3 



r4 



5 55 



-CH2CH{CH3)2 -C (013)3 



57 




-CH2CH(CH3)2 -C (013)3 



58 




-ai2CH(ai3)2 -C(Oi3)3 



OH 



59 



.N 




-CH2ai(CH3)2 -C(ai3)3 



60 




-a^2a^(ai3)2 -0(013)3 



■10 61 




-CH2CH(CH3)2 -0(OH3)3 
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Entry No. R 



r3 



r4 



5 62 




-CH2CH{CH3)2 -C(CH3)3 



63 




-CH2CH(CH3)2 -C{CH3)3 



64 



-CH2CH(CH3)2 -C (013)3 



65 




-CH2CH(CH3)2 -C(CH3)3 



66 



NH, 




-CH2CH(CH3)2 -C{CH3)3 



10 67 




-CH2CH(CH3)2 -C(CH3)3 
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TABLE 1 fCont'd. ) 

Entry So. R r3 r4 

5 




-CH2CH(CH3)2 -C(CH3)3 



-CH2CH{CH3)2 -C(C3l3)3 



10 a -hpnTylDjycarboiyl 
b 2-qi liTinliiiylcarboryl 
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EXAMPLE 10 

Following the generalized procedures set forth in 
Exarrple 9, the conpounds set forth in Table 2 were prepared. 

TABLE 2 




A...H 



N 





Entry 


A 


r3 


r4 


15 












1 


Cbz-Val 


i-aityl 


tBu 




2 


Cbz-Leu 


i-aityl 


t-Bu 




3 


Cbz-Ile 


i-airyl 


£-Bu 




4 


Ac-D-homo-Phe 


i-Bu 


n-Bu 


20 


5 


Qui-Om{Y-Cbz) 


-CH2-^ 


t-Bu 




6 


Cbz-Asn 


-CH2CH=CH2 


t-Bu 




7 


Acetyl -t-BuGly 


i-aityl 


i-Bu 




8 


Acetyl-Phe 


i-air^l 


i-Bu 




9 


Acetyl-Ile 


i-artyl 


t-Ba 


25 


10 


Acetyl-Leu 


i-airyl 


i-Bu 




11 


Acetyl -His 


i-anyl 


t-Bu 




12 


Acetyl-Thr 


i-airyl 


i-Bu 




13 


Acetyl-NHCH (C (CH3 ) 2 {SCH3 ) ) C (0) - 










i-anyl 


i-Bu 


30 


14 


■ Cbz-Asn 


i-airyl 


i-Bu 




15 


Cbz-Ala 


i-arryl 


i-Bu 
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TABLE 2 fCont'd^ 



Entry 


A 






lb 


CDZ-Aia 




^-'Rll 


17 


CbZ"beta-cyanoAla 


1,— airyl 




18 


ODz-t-BuGly 






19 


Q-t-BuGly 


i-aityl 




20 




^-air^l 




21 


Cb2-SCH3Cys 


i-aityl 




22 


Q-Asp 


ij,-aityl 




23 


Cbz- men (C {CH3 ) 2 (SCH3 ) ) C (0) 


i-aityl 


i-Ba 


24 


Cbz-EtGly 


i-airyl 


t-Bu 


25 


Cbz-PrGly 


i-anyl 


t-Bu 


26 


ebz-Thr 


i-airyl 


£-Bu 


27 


Q-Phe 


i-airyl 


t-Ba 


28 


Cbz-Phe 


i-airyl 


£-Ba 


29 


Cbz [NHCH {CH2C (0) HEiCHs ) C (0) 


i-air^l 


t-Bu 


30 


Q [NHCH (CH2C (0) NHCH3 ) C (0) 


i-airyl 


t-Bu 
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EXAMPLE 11 

Following t±ie generalized procedure of Exairple 9, 
5 the conpDionds listed in Table 3 were prepared. 

TABLE 3 



10 




Entry r1 



15 



25 



1 


-CH2SO2CH3 


2 


(R)-CH(0H)CH3 


3 


-CH(CH3)2 


4 


-(R,S)CH2SOCH3 


5 


-CH2SO2NH2 


5 


-CH2SCH3 


7 


-CH2CH(CH3)2 


8 


-CH2CH2C(0)NH2 


9 


(-S)-CH(0H)CH3 


10 


-CH2OCH 


11 


-CF3 


12 


-CH(CF3)2 


13 


-C{CH3)2(SCH3) 
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EXftMPLE 12 

Following the generalized procedures of Exairple 9, 
the compounds set forth in Table -4 were prepared. 

TABLE 4 



R2 I 



H OH 




10 



Entry 



r2 



15 



20 



25 



30 



1 


n-Bu 


Cbz-Asn 


2 


cyclohejQ^lmeth^l 


Cbz-Asn 


3 


n-Bu 


Boc 


4 


n-Bu 


Cbz 


5 


C6H5CH2 


Boc 


6 


C6H5CH2 


Cbz 


7 


C6H5CH2 


benzoyl 


8 


cyclohejQ^lmetharl 


Cbz 


9 


n-Bu 


Q-Asn 


10 


cyclohe^^lmethyl 


Q-Asn 


11 


C6H5CH2 


Cbz-Ile 


12 


C5H5CH2 


Q-Ile 


13 


C6H5CH2 


Cbz-t-BuGly 


14 


C^5CB2 


Q-t-BuGly 


15 


C6H5CH2 


Cbz-Val 


16 


C6H5CH2 


Q-Val 
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TABLE 4 (Cont'd.} 

Entry r2 a 



5 



17 


2 -naphthylmethyi 


Cbz-Asn 


18 


2 -naphthylirethyl 


Q-Asn 


19 


2 -naphtlylme thyl 


Cbz 


20 


n-Bu 


Cbz-Val 


21 


n-Bu 


Q-Val 


22 


n-Bu 


Q-Ile 


23 


n-Bu 


Cbz-t-BuGly 


24 


n-Bu 


Q-t-BuGly 


25 


p-F(C6H4)CH2 


Q-Asn 


26 


...... p-F(C6H4)CH2 . ' 


Cbz 


27 


p-F(C6H4)CH2 


Cbz-Asn 


28 




Cbz -propargy Iglycine 


29 


C6H5CH2 " 


Q-propargylglycine 


30 


C6H5CH2 


acetyl-proparglyglycine 


31 


i-Bu 


Cbz-Asn 
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KXAMPT.K 13 

The corrpomds listed in liable 5 were prepared 
according to the generalized procedures of Exaitple 9. 

5 

TABLE 5 




15 



1 
2 
3 



-NHtBu 
-NEt2 

-MIC(CH3)2CH2CH3 



Cbz-Asn 

Cbz 

Cbz 
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gg^Lg 14 

The coirpoimds of Table 6 were prepared according 
to the generalized procedures set forth in Exanple 9 except 
5 that instead of an isocyanate, an isothiocyanate equivalent 
was utilized. 

TABLE 6 



10 





Entry XHR4 

15 



1 NHEt 

2 NHtBu 



20 



The Cbz group of the coitpounds shown in Exairples 13 and 14 
can be removed as described in Exaitple 9 and the resulting 
conpound can be coupled to a desired a- or S-amino acid or 
the like to produce coirpounds of the present invention. 

25 
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Example 15 

Hie cortpouncJs shown in Table 7 were prepared 
according to the following general procedure • 
5 Ihis general procedure represents a Gurtius Rearrangement and 
reaction with the amino alcohol derivative as prepared 
following the general, procedure in Exairple 9. 

To a solution of 1 inmol of carbojylic acid in 12 
10 itiL of toluene and 3 mmol of trietl^lainine at 90°C under a 
nitrogen atmosphere, was added 1 mmol of diphenylphosphoryl 
azide. After 1 hour, a solution of 1 mmol of amino alcohol 
derivative in 3.5 mL of either N, N-dimethylf ormamide or 
toluene was added. After 1 hour, the solvent was removed 
15 under reduced pressure,, ethyl acetate and water added and the 
layers separated. The organic layer was washed with 5% 
citric acid, sodium bicarbonate, brine, dried, filtered and 
concentrated to afford the crude product. This was then 
recrystallized or chromatographed on silica gel to afford the 
20 purified final coirpound. 
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5 

r3 r4 

10 -CH2CH(CH3)2 

-CH2CH2CH(CH3)2 

-CH2CH2CH(CH3)2 

-CH2CH2CH(CH3)2 

-CH2CH2CH{CH3)2 

15 



-C(CH3)2 

-<1 
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A. Preparafcibn of 4f4-methoxvrben2:vl) ihaconafce 

O CHo 



5 CH3O 

A 5 L three-necked round bottomed flask equipped 
with constant pressure addition funnel, reflx:ix condenser, 
nitrogen inlet, and mechanical stirrer was charged with 

10 itaconic anhydride (660. Sg, 5.88 mol) and toluene (2300 inL) . 
The solution was warmed to reflux and treated with 4- 
methoxybenzyl alcohol (812.4g, 5.88 mol) dropwise over a 
2.6h period. The solution was maintained at reflux for an 
additional 1.5h and then the contents were poured into three 

15 2 L erlenmeyer flasks to crystallize. The solution was 
allowed to cool to room terrperature whereupon the. desired 
mono-ester crystallized. The product was isolated by 
filtration on a Buchner funnel and air dried to give 850. 2g, 
58% of material with mp 83-85*'C, a second crop, 17% was 

20 isolated after cooling, of the filtrate in an ice bath. 1h 
NMR (CDCI3) 300 MHz 7.32(d, J=8.7 Hz, 2H) , 5.91{d, J=8.7 Hz, 
2H), 6.49(s, IH), 5.85(s, IH) , 5.12(s, 2H) , 3.83(s, 3H) , 
3.40 (s, 2H) . 
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B. Preparati on of Methvl 4 (4-inethoxv/ben2yl) itaconate 




5 A 5 L three-necked round bottomed flask equipped 

with reflux condenser, nitrogen inlet, constant pressure 
addition fiannel and mechanical stirrer was charged with 4(4- 
methoxybenzyl) itaconate (453. 4g, 1.81 mol) and treated with 
l,5-diazabicyclo[4.3.0]non-5-ene (275. 6g, 1.81 mol), {Dm), 

10 dropwise so that the temperature did not rise above 15°C. 
To this stirring mixture was added a solution of methyl 
iodide (256. 9g, 1.81 mol) in 250 mL of toluene from the 
dropping funnel over a 45m period. The solution was allowed 
to warm to room temperature and stirred for an additional 

15 3.25h. 

The precipitated DBN hydroiodide was removed by 
filtration, washed with toluene and the filtrate poured into 
a separatory funnel. The solution was washed with sat. aq. 

20 NaHC03 *(2 X 500 mL) , 0.2N HCl (1 X 500 mL) , and brine (2 X 
500 mL) , dried over anhyd. MgS04, filtered, and the solvent 
removed in vacuo. This gave a clear colorless oil, 450. 2g, 
94% whose NMR was consistent with the assigned structure. 
1h NMR (CDCI3) 300 MHz 7.30 (d, J=8.7 Hz, 2H) , &.90(d, J=:8.7 

25 Hz, 2H), 6.34(s, IH) , 5.71 (s, IH) , 5.09(s, 2H) , 3.82(s, 3H) , 
3.73(s, 3H), 3.38(s, 2H) . 13c NMR (CDCI3) 170.46, 165.47, 
159.51, 133.55, 129.97, 128.45, 127.72, 113.77, 66.36, 
55.12, 51.94, 37.64. 
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C. Preparation of Mefchvl 4( 4-m6thoxv/benzvl) 2fR)- 
methvlsuccinate 




O 



CH3 



.OCHa 



CH3O" 



5 



A 500 mL Fisher-Porter bottle was charged with 



methyl 4 (4-ineth03Q^benzYl) itaconate (71. Ig, 0.269: mol), 
rhodium {R,R) DiPAMP catalyst (2p4mg, 0.269 mtnol, 0.1 mol%) 
and degassed methanol (215 mL) . The bottle was flushed 5 

10 times vdth nitrogen and 5 times with hydrogen to a final 
pressure of 40 psig. Uie hydrogenation ccatimenced 
immediately and after ca. Ih the uptake began to taper off, 
after 3h the l^rdrogen i:5)take ceased and the bottle was 
flushed with nitrogen, opened and the contents concentrated 

15 on a rotary evaporator to give a brown oil that was taken up 
in boiling iso-octane (ca. 200 mL, this was repeated twice) , 
filtered through a pad of celite and the filtrate 
concentrated in vacuo to give 66. 6g, 93% of a clear 
colorless oil, 1h NMR (CDCI3 300 MHz 7.30 (d, J=8.7 Hz, 2H) , 

20 6.91 (d, J=8.7 Hz, 2H) , 5.08{s, 2H) , 3.82 (s, 3H) , 3.67 (s, 



3H), 2.95(ddq, J=5.7, 7.5, 8.7 Hz, IH) , 2.79(dd, J=8.1, 16.5 
Hz, IH), 2.45 (dd, J=5.7, 16.5 Hz, IH) , 1.23 (d, J=7.5 Hz, 
3H). 
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D. Preparation of Mehhvl^ 2 m^-m^h-h ylsuccinatQ 

-A 3 i. -t333?ee--iiedced :romd-bottC3m flask equipped 
with a nitrogen inlet, anechanical stirrer, reflux condenser 
5 and constant . pressure addition funnel was charged with 

methyl 4 |4-jnetbDxybenzyl) 2 (R) -methylsuccinate (432. 6g, 1,65 
mol) and tbliaene (1200 icL), The -stirrer was started and the 
solution treated witii trifluoroacetic acid (500 mL) from the 
droppiTig funnel over .0.25h. l&iB solution turned a deep 

10 purple color ^d the internal temperature rose to 45°C. 
After stirring for 2.25h the tenperature was 27°C and the 
solution had acquired a pi33k color. The solution was 
concentrated on a rotary, evaporator. The residue was 
diluted mtfa-iiieter (2200 vand sat. aq. NaHCOs (1000 mL) . 

15 Additional ^2fe[EDE^ ..%2as .^added lazitil the acid had been 

neutralizes, ■ SSae .agueoiffi phase was extracted with ethyl 
acetate :{2.;X iOOO "Ml) - to -^eracTO t^^ by-products and the 
aqueous layer ^was acidifi^ t:o 2)H=1 . 8 with cone. HCl. This 
solution .>eB extracted mth ..ethyl acetate (4 X 1000 mL) , 

20 washed vdth ixrine, drioS over anhyd. MgS04, filtered and 
concentrate on a rotary ev;^>orator to give a colorless 
liquid 251g^ ;->lGO% that was vacuum distilled through a short 
path apparatiis cut .1: bath tenperature 120°C @ >lmm, bp 25- 
29°C; cut 2:: teth tenperature 140°C @ 0.5mm, bp 95-1 08°C, 

25 151g, [ e 25''C=+1.38*t(c=15.475, MeOH) , [a]D=+8.48°C 

(neat); cut 3: bath temperature i40°C, bp 108°C, 36g, [aJo @ 
25°G=+l,49°C(c=15.00, IfeOH) , {a3D=+8.98°C (neat). Cuts 2 
and 3 were combined to give 189g, 78% of product, 1h NMR 
(CDCI3) 300 MHz 11.6<brs, lH),-3.72{s, 3H) , 2.92(ddq, J=5.7, 

30 5.9, .8.0 Hz, IH), 2,81{dd, J=8.0, 16.8 Hz, IH) , 2.47(dd, 
J=5.7, 16,B Hz, IH), 1.26 (d, J=6.9 Hz, 3H) . 
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R. Preoaratiion of M Pt-hvl Itaconate 



ho: 




0 



OCH, 



5 



A 50 mL round bottomed flask equipped with refltix 



condenser, nitrogen inlet and magnetic stir bar was charged 
with metiyl 4 (4-metho3yben2yl) itaconate {4.00g, 16 mmol) • 
The solution was kept at room tertperature for 18 hours and 
then the volatiles were removed in vacuo. The residue was 

10 taken up in eth^^l acetate and extracted three times with 

satiirated aqueous sodium bicarbonate solution. The combined 
aqueous extract was acidified to pH=l with aqueous potassium 
bisulfate and then extracted three times with ethyl acetate. 
The combined ethyl acetate solution was washed with 

15 saturated aqueous sodium chloride, dried over antydrous 

magnesium sulfate, filtered, and concentrated in vacuo. The 
residue was then vacuum distilled to give 1.23g, 75% of pure 
product, bp 85-87 & ,0.1 mm. iH NMR {CDCI3) 300 MHz 6.34(s, 
IH), 5.73(s, 2H), 3.76{s, 3H) , 3.38(s, 2H) . 13c NMR (CDCI3) 

20 177,03, 166.65, 129.220, 132.99, 52.27, 37.46. 

F, Curtius Rearrangement of Methvl 2 (R) - methvlsuccinate: 
Prpmaration of Methvl M- Moz-a-methvl B-alanine. 



25 




A.5L four necked round bottomed flask equipped 
with a nitrogen inlet, reflux condenser, mechanical stirrer, 
constant pressure addition funnel, and thermometer adapter 
30 was charged with methyl 2 (R) -methylsuccinate (184. Ig, 1.26 
mol) , triethylamine (165. 6g, 218 mL, 1.64 mol, 1.3 
equivalents) / and toluene (1063 mL) . The solution was 
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wanned to 85°C and then treated dropwise with a solution of 
diphenylphosphoxyl azide (346. 8g, 1.26 mol) over a period of 
1.2h. The soluticai was maintained at that terrperature for 
an additional 1 . Oh and then' the mixture was treated with 
5 4-methoxybenzyl alochol (174. Ig, 1.26 mol) over a 0.33h 
period from the drqpping ;fiannel . The solution was stirred 
at 88°C for an additicaial 2*25h and then cooled to room 
terrperature, The contents of the flask were poured into a 
separatory funnel and washed with sat. aq. NaHC03 (2 X 500 

10 mL), 0.2N HCl (2 X 500 mL) , brine (1 X 500 mL) , dried over 
anlyd. MgS04^ filtered, and concentrated in vacuo to give 
302. 3g, 85% ^tSf-tte ^desired product as a slightly brown oil, 
IH NMR {CDCI3) 300 MHz 7.32{d, J=8.4 Hz, 2H) , 6.91{d, J=8.4 
Hz, 2H), 5.2(brm, IH), 5.05{s, 2H) , 3.83(s, 3H) , 3.70(s, 

15 3H), 3.35(m, 2H),.2.70(m, 2H) , 1.20(d, J=7.2 Hz, 3H) . 

PvdJTQlYas Itet^JL 1^ g-^l^nine: 
Preparation of t2Hroethvl fi-alanine Hydrochloride 




A 5 L three-necked round bottomed flask equipped 
with a refliax canaensery nitrogen inlet and mechanical 
stirrer was charged with methyl U-Moz-a-methyl p-alanine 

25 (218. 6g, 0.7.8 mol), glacial acetic acid (975 mL) and 12N 
l^drochloric acid {I960 x^) . The solution was then heated 
to reflux'.for 3h- After the solution had cooled to room 
terrperature (ca. Ih) the aqueous phase was decanted from 
organic residue (polymer) and the aqueous phase concentrated 

30 on a rotary evaporator. Upon addition of acetone to the 

concentrated residue a slightly yellow solid formed that was 
slurried with acetone and the white solid was isolated by 
filtration on a Buchner funnel. The last traces of acetone 
were removed by evacuation to give 97. 7g, 90% of pure 

35 product, mp 128. 5-130. 5°C [a]D @ 25°C=9.0**C (c=2.535, 
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Methanol). 1h NMR (D2O) 300 MHz 3.29(dd, J=8.6, 13.0 Hz, 
IH), 3.16(dd, J=5.0, 13.0m Hz, IH) , 2.94(ddq, J=7.2, 5.0, 
8.6 Hz, IH), 1.30(d,J=7.2 Hz, 3H) ; 13c NMR {D20> 180.84, 
44.56, 40.27, 17.49. 

5 

H. Prepara f-ion of N-Rnr; a-Mefchvl B-Alanine 

H CH3 

10 A solution of a-methyl p-alanine hydrochloride 

(97. 7g, 0.70 mol) in water (1050 iriL) and dioxane (1050 mL) 
the pH was adjusted to 8.9 with 2.9N NaOH solution. This 
stirring solution was then treated with di- tert- butyl 
pyrocarbonate (183.3g, 0.S4 mol, 1.2 equivalents) all at 
15 once. The pH of the solution was maintained between 8.7 and 
9.0 by the periodic addition of 2.5N NaOH solution. After 
2.5h the pH had stabilized and the reaction was judged to be 
cortplete. Uie solution was concentrated on a rotary 
evaporator (the temperature was maintained at <40°C) . The 
20 excess di -terfc -butyl pyrocarbonate was removed by extraction 
with dichloromethane and then the aqueous solution was 
acidified with cold IN HCl and immediately extracted with 
ethyl acetate (4 X 1000 iriL) . The combined ethyl acetate 
extract was washed with brine, dried over anhyd. MgS04/ 
25 filtered and concentrated on a rotary evaporator to give a 
thick oil 127. 3g, 90% crude yield that was stirred with n- 
hexane whereupon crystals of pure product formed, 95 . 55g, 
67%, irp 76-78°C, [alp @ 25°C=-11.8^C {c=2.4, EtOH) . A second 
crop was obtained by concentration of the filtrate and 
30 dilution with hexane, 15.4gr for a combined yield of lll.OSg, 
78%. iH NMR (acetone Dg) 300 MHz 11.7 (brs, IH) , 6.05 (brs 
IH), 3.35 (m, IH), 3.22 (m, IH) , 2.50 (m, IH) , 1.45(s, 9H) , 
1.19 (d, J=7.3 Hz, 3H); 13c NMR (acetone Dg) 177.01, 79.28, 
44.44, 40>92, 29.08, 15.50. Elemental analysis calc'd. for 
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C9H17NO4: C, 53.19, H, 8.42; N, 6.89. Fovnd: C, 53.36; H, 
8.46; N, 6.99. 

I. Preparation of Kr-4- Methoxvbenzvloxvcarbonvl a-Methvl p- 
5 Alanine 

A solution of M-4-inethoxyben2ylox7carbonyl 
a-methyl p-alanine methyl ester (2.81g, 10.0 irimol) in 30 mL 
of 25% aqueous methanol was treated with lithium hydroxide 

10 (1.3 equivalents) at room teirperature for a period of 2h. 

The solution was concentrated in vacuo and the residue taken 
up in a mixture of water and ether and the phases separated 
and the organic phase discarded. The aqueous phase was 
acidified with aqueous potassium hydrogen sulfate to pH=1.5 

15 and then extracted three times with ether. The combined 
ethereal phase was washed with saturated aqueous sodium 
chloride solution," dried over anl^drous magnesium sulfate, 
filtered and concentrated in vacuo to give 2.60 g, 97% of E- 
4-Methoxybenzyloxycarbonyl a-methyl p-alanine (N-Moz-AMBA) 

20 which was purified by recrystallization from a mixture of 

ethyl acetate and hexane to give 2.44g, 91% of pure product, 
mp 96-97°C, MH+=268. 1h NMR (D6"acetone/300 MHz) 1.16 {3H, d, 
J=7.2Hz), 2.70 (IH, m) , 3.31 (2H, m) , 3.31 (3H, s) , 4.99 (2H, 
s), 6.92 {2H, 4, J=8.7 Hz), 7. 13 {2H, d, J=8.7 Hz). 

25 

J, Preparation of Prooanamide. 3- (4-mQt hoxv^benzvl- 
Oxvcarbonvl) -N- r3- r r r (l, l-dimethvlethvl) aminel carbonvll (3- 
methvlbutvl) aminol -2-hvdroxv-l- (p henvlmethvDprory/n -2- 
methvl- n.q- TTR* rq* ) , 2S*n^ 

30 

- N-Moz-AMBA (468mg, 1.75mmol) was dissolved in 5mL 
of DMF, HOST (355mg, 2.6mmol) was added and the solution was 
cooled to O^C. The solution was treated with (336mg, 
1.75mmol) EEC for 15 minutes. To this was added (612mg, 
35 1.75mmol) of [2R, 3S 3-amino-l-isoarrryl-l- (t- 

butylcarbonyl) amino 4-phenyl-2-butanol in lOmL of DMF and the 
reaction stirred for 16 hours at room temperature. The DMF 
was concentrated to 5mL and the product was precipitated by 
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addition to 60% saturated aqueous NaHCOs. The solid was 
taken up in ethy^l acetate and washed with KHSO4, NaHCXD3, 
NaCl (saturated) , dried over MgS04 and concentrated to yield 
eSOmg of crude product which was crystallized from CH2CI2. 
5 Et20, hexane, to yield BOOmg of pure product, 

Exgmpl^ yi 

Ihe corrpoimds of Table 8 were prepared according 
10 to the procedure listed below and that utilized in Exartple 
16. 

Pronaneamide , 3 - F f 1 > 1-dimethvlethvl ) butoxy-carbonvl 1 amino-N- 
r3- r r r f 1 , l— dimet hylethyl ) aminol carbonvll f 3- 
15 methvlbutvl ) amino l -2-hvdroxv-l- f ohenvlmethvl ) propyl 1 -2 - 
methvl- , riS- riR* (S*) , 25*1 - (Table 8, Entry 11) 

P^rt A: 

A solution of N-t-butyloxycarbonyl-2-(R)-metlvl-3- 
20 aminopropionic acid (372 mg, 1,83 irmol) and N- 

hydroxybenzotriazole (371 mg, 2.75 ramol) in 5 mL of 
dimethyl formamide was cooled to 0°C. To this was added EDC 
{351 mg/ 1.83 mmol) and the solution was stirred for 15 
minutes. To this chilled solution was added a solution of 
25 3- [ [ [ (1, 1-dimethylethyl) amino] carbonyl] (3"methylbutyl) - 

amino] -2 (R)-hydro5<y"l(S) (phenylmethyl) propylamine in 5 mL of 
dimethylformamide and stirred for 15 hours. . The 
dimethylformamide was removed and replaced with 50 mL of 
ethyl acetate^ and the organic phase was extracted witli 5% 
30 potassium h/drogen sulfate, saturated sodium bicarbonate and 
brine. The ethyl acetate layer was dried over magnesium 
sulfate, filtered and concentrated to yield 613 mg of 
product after recrystallization from etl^l acetate , 
hexanes. (63 % yield) . M+Li 541 



35 
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Preparation of Propaneainide,_3-aiTdno-N- [3- [ [ [ (1, 1- 
dimethylethyl ) amino] carbonyl ] - (3-inetl:^lbutyl ) amino] -2- 
liydroxy-1- (plienylmetliyl)propyl]-2"met]nyl-, [IS- [IR* (S*) , 
5 2S* ] -hycaroctiloride 



The product from part A. (577 mg, 1.08 mmol) was 
dissolved in 40 mL of 4N HCl in dioxane and tlie solution 
stirred for 2 hours, and concentrated to yield the 
10 hydrochloride salt in quantitative yield. 



Part C : 

Preparation of Propaneamide, 3-{2- 
metlylpropanoylamino) -N- [3- [ [ [ (1, 1-dimethylethyl) - 
15 amino] carbonyl] (3-methylbutyl) amino] "2-liydroxy-l- 
(phenylmethyl)propyl]-2-methyl-, [IS- [IR* (S*) ,2S*] - 

The product from part B. (236 mg, 0,5 mmol) was 
dissolved in anhydrous tetrahydrofuran and to this was added 

20 N-metliylmorpholine (160 mg, 1.5 mmol) upon which time a 

precipitate formed. To this suspension was added isobutyryl 
cliloride ( 53.5 mg, 0.5 mmol) and the suspension stirred for 
15 hours. The suspension was diluted with ethyl acetate and 
washed with 5% potassiimi hydrogen sulfate, saturated sodium 

25 bicarbonate and brine, the organic layer was dried over 

magnesium sulfate, filtered and concentrated to yield 195 mg 
of crude product which was chromatographed on silica gel 
with 5% methanol methylene chloride to yield 121.5 mg ( 50 % 
yield) of pure product. M+Li 511 



30 
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TABLE 8 (Cont'd.) 
Entry R Ri 



5 



i 



10 10 



0 

6 ^^r-^^^^^.^ II -CH3 

^0CH2-C- 



o 

II 

CH2-C- -CH3 



0^ 

0 

HO2CCH2CH2-C- "™3 




CHgNH-C- 



-CH3 



11 II -CH3 

(CH3)2CH-C- 

O 

12 II -CH3 

CH3OCH2- C - 

o 

13 II -CH3 
* (CH3)2NCH2-C- 

O 

14 II -CH3 

CH3CH(0H)-C- 

15 
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TABLE 8 (Cont'd) 





Following generally the procedure set forth in 
Exairple 16, the eornpoxinds shown in l^le 9 were prepared. 
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TABLE 9 
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RxaTTmle 19 

The procedure set forth below in Exaraple 23was 
generally utilized to prepare the conpounds shown in Table 
5 10. 

TABLE 10 



10 




R R' X 



15 



R=H 


R'=H 


X=H 




R'=Me 


X=H 




R'=Me 


X=H 


B;=Me 


R'=Me 


X=F 


fi=H 


R'=Me 


X=F 


Il=Cbz 


R'=Me 


X=H 


IfeH 


R'=Bz 


X=H 


R+R'= pyrrole* 




X=H 



* lie in place of t-butylglycine 



WO-93/23368 



PCr/US93/04806 



81 

This exairple illustrates preparation of 
coirpounds ^wherein r4 and r5 together with forms a 
5 heterocycloalkyl radical. 

a) Pj^rrolidlne carbamoyl chloride. 



O 




10 

A stirring solution of triphosgene (27.78g, 0.103 
mol) in 40 siL toluene was cooled to -20 °C in an ice/salt 
bath imder a blanket of nitrogen and treated with a solution 
of N-netl^33nDrpholine (27.3 g, 0.27 mol) in 20 mL of toluene 

15 dropvdse CFver Ih. This solution was then treated with a 
solution of pyrrolidine (19,8 g, 0.27 mol) in 30 mL of 
toluene cfvet a period of 30 m. The solution was. allowed to 
warm to room tertperature/ filtered and the filtrate 
concentrated in vacuo to give an oil that was purified by 

20 vacuum distillation through a 12" Vigeraux column to give 
20. 7g, 56%, bp 58 °C @ 0.6 mm, of pure product. 
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b) Bntanediamide r n1 [3- [ C {4-f luorophenyDmethyl) ] (1- 
pyrrolidinylcarbonyl ) amiao ] - 2 -hydroxy- 1- 
(phettyliae tl^yl ) propyl ] - 2 - [ { 2 - 

Q3iliiol±iiyicarbonyl ) amino I - t IS [ IR* ( R* ) , 2 S* ] 1 - 

5 




- A stirring solution of [1S-[1R*(R*) ,2S*] ]-n1-[3- 
[ [ (4^Sa»2rqphenyl) methyl] amino] -2-hydro3^-l- 
10 "(phec^joBtlayl) propyl] -2- [ {2-quinolinylcarbor?^l ) amino- 

butaneaiamide (1.08 g, 1.91 mmol) (prepared as in Exarrple 
31) in .7 inL of anhydrous DMF was treated with pyrrolidine 
carbanscyi chloride (260 mg, 1.95 mmol) , 

4-diineti3ylaininopyridine (15 mg) , and N-methylmorpholine (380 
15 mg, 3.76 mmol) . The solution was stirred at room 

temperature for 3h and then concentmted in -v^cao to give a 
semi-solid that was dissolved in methanol/water ca. 2:1. A 
solid fcamed from this solid that was isolated ty. filtration 
on a Budhner funnel and washed with water, 5% ag. citric 
20 acid and iiTater and air dried to give 130 mg of piare product, 
-TLC on Si02 eluting with 7% methanol in ethyl acetate showed 
one spot^ with Rf =0.64, 11%. 
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c) Butanediamide, n1 [3- [ [ (4-f luorophenyDmethyl) ] (4- 
morpholinylcarbonyl) aminol -2-hydroxy-l- 
( pheny Ime thy 1 ) propyl ] - 2 - [ ( 2 - 

quinolinylcarbonyl) amino] - [IS [IR* (R*) , 2S*] ] - 

5 




To a stirring solution of [IS- [IR* (R*) , 2S*] ] -NI- 
LS- [ [ ( 4- fluorophenyl) methyl] amino] -2-]iydrox/-l- 

10 (pheny Imethyl ) propyl ] -2- [ ( 2-quinolinylcarbonyl ) amino- 

butanediamide (520 mg, 0.922 mmol), trietliylamine (172 mg, 
1.70 mmol), 4-dimethylaminopyridine (50 mg) , and morpholino 
carbamoyl chloride (157.3 mg, 1.05 mmol) in 5 mL of 
chloroform. The initially heterogeneous mixture was heated 

15 to refl\ix for 6 h. The solution was then diluted with 

additional chloroform, poured into a separatory funnel and 
washed with IN KHSO4, sat, ag. NaHC03/ dried over anhyd. 
MgS04, filtered, and concentrated in vacuo to give a white 
solid that was purified by column chromatography on Si02 

20 eluting with ethanol/ethyl acetate to give 380 mg, 61%, of 
pure product. 
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Hiis exairple illustrates preparation of coirpomds 
wherein r4 and r5 are both other than H. 

5 

ButanediamidO/ n1 [3- [ [ (diethylamino) carbonyl] (3- 
methylbutyl) aminol -2- hydroxy-1- (phenylmethyl ) - 
propyl] -2- [ (2-ciuinolinylcarbonyl) amino] - [IS- 
[1R*(R*),2S*]]- 



[3- (methylbutyl) amino] -2-hydro5Q^-l- (phenylmethyl) propyl] -2- 
15 [ {2-quinolinyl carbonyl) amino-butane diamide] (119 mg, 0.21 
mmol) trietliylamine (59 mg, 0.58 mmol) , '4-dimetlTylamino- 
pyridine (9 mg) , and dietliyl carbamoyl chloride (157.3 mg, 
1.05 mmol) in 4 mL of cliloroform. The mixture was kept at 
room tenperature for 26 h. The solution was then diluted 
20 with additional chloroform, poured into a separatory funnel 
and washed with IN KHS04r sat. aq. NaHC03, dried over anliyd. 
MgS04, filtered/ and concentrated in vacuo to give a wliite 
solid that was purified by column cliromatography on Si02 
eluting with metlianol/CH2Cl2 to give 20 mg, 15%, of pure 
25 product. 



10 




To a stirring solution of [1S-[1R* (R*) ,2S*] ] -n1- 
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Following the procedures set forth in Exaitples 20 
and 21, the coitpounds listed in Table 11 were prepared. 

5 

TABLE 11 




15 -CH2CH(CH3)2 
-CH2CH(CH3)2 
-CH2CH(CH3)2 



20 



-CH2CH2CH(CH3)2 
-CH2CH2CH(CH3)2 



-CH2C2l2CH(CH3)2 



-N(CH3)2 

-N{CH2CH3)2 

-N{CH{CH3)2)2 



-N(CH3)2 
-N{CH2CH3)2 



25 



-N(CH3)2 
-N(CH2CH3)2 
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TABLE 11 (Cont'd.) 



5 R3 X— R4 




15 



wo 93/23368 



PCr/US93/04806 



EKamole 23 A 

This, exairple illustrates preparation of coitpomds 
of Forcmila II wherein r1 is an alkyl group other than an 
alkyl group of a naturally occurring amino acid side chain. 
In particular Rl is a t-butyl group. 

5 

Part A : 

3- [ t (1, l-dimetl^letiiyl) amino] carbonyl] (3- 
methylbutyl) amino-2 (R) ^t^droxy-l (S) - [N- 

(benzyloxycarbonyl) (pher^lmethyl {) propyl amine] (4.7 gm, 9.7 
10 mrrol) was combined with 10% Pd on carbon (200 mg) and cone. 
HCl (3 iriL) in etiianol (35 mL) and hydrogenated at 50 psi of 
hydrogen for 2.5 h. The reaction mixture wcls filtered 
tiirough diatomaceous earth and concentrated on a rotary 
evaporator to a yellow hygroscopic solid; 3,7 gm, 100%. 

15 

P^rt B: 

Butaneamide, 2- F fTDhenv lmethv-loxvcarbonvl) amino! -N- 13- 
r rr (1.1-dimethvlethvrl) amino] carbonv-n f3-methv-l butvl) aminol - 
2-hvdroxv"l" fphenvrlmethvl ) prop yl , ^-HiTnethvl- TIS- 
20 riR*(R*) ,25*n - 

N-Cb2-L-i£rt-leucine (172 mg, 0.65 irmol) and N- 
hydroxybenzotriazole (100 mg, 0,65 mmol) in DMF (3 iriL) was 
cooled to 0°C and EDC (115 mg, 0.60 mmol) added. After 45 

25 min the amine from Part A (193 mg, 0.50 mmol) and N- 
methylmorpholine (60 uL, 0.55 mmol) were added. The 
reaction was stirred at ambient teitperature for 18 h and 
poured into a solution of 50% saturated NaHCOs (25 xnL) . The 
solid was collected ty suction filtration, washed with water 

30 and dried in- vacuo. The solid was chromatographed on- Si02 
using 2% MeOH in CH2CI2 . The appropriate fractions were 
pooled and concentrated to afford a wtiite solid; 220 mg, 
MH+ 597, TLC (Si02 2%MeOH/CH2Cl2) Rf = .2 . CHN requires: 
C, 68.42, H, 8.78, N, 9.39; found: C, 68.03, H, 8.83, N, 

35 9.33. 



wo 93/23368 



PCr/US93/04806 



89 

P^yt C: 

Put;ane93;nide, g-gininQ-N- f3- T T f (1 r 1" 

dimethvlethv/l) amino 1 carbonvll (S-methvlbutvl) aminol -2- 
Inyctrp?^-!- (ph?n ylrtigttiy:L)PTO PY;L1 -3 , 3-<^iTn^t:hvl- , f fXR* (fi*) , 
5 ?g*1- 

Ihe product from Part B (570 mg, 0,95 inmol) and 4% 
Pd on carbon (150 mg) in ethanol (30 inL) was hydrogenated at 
5 psi for 2.75 h. The reaction mixture was filtered through 
diatomaceous earth and concentrated on a rotary evaporator 
10 to an oil; 438 mg, 100%. 

Butaneamide, 2- (acetvlamino) -N- r3- f F f (1,1- 
diinethylethyl) amino! carbonyll (S-methv-lb utyl) aminol -2- 
15 hvdroxv-1- (phenvlmethvl) propyl 1 -3 , 3 -dime thyl-, TIS- riR*(R*) . 
25*1- 

The product from Part C (206 mg, 0.41 mmol) and N- 
methylmorpholine (45 uL, 0.41 mmol) were dissolved in CH2CI2 
(2.5 iriL) and cooled to 0 C. Acetic anhydride (39 uL, 0.41 

20 mmol) was then added and the reaction stirred 30 min at 0 C, 
then allowed to warm to ambient temperature and stir for 30 
min. The solvent was removed on a rotary evaporator and the 
residue dissolved in ethanol (2 iriL) . The ethanolic solution 
was slowly poured into 50 % saturated NaHC03 (20 mL) and 

25 stirred vigorously. The solid was collected by suction 

filtration and washed with water, 5% citric acid, and again 
with water; 157 mg, 75%. CHN / 1.5 H2O requires: C 63.24, H, 

9.67, N, 10.54; found: 

C, 63.40, H, 9.41, N, 10.39. 

30 

Part D2: 

Putaneamj-<3gi 3- r (2 , 2-(^i3^gthYlgiminQ^c^t;vl) ^tuqI -n- [3- 

2-hydroxy-l- (phenvlmethyDpropvll -3 , 3-dimethyl- . F IS- TIR * (R-) . 
35 ZS^JLLl 

To a solution of U,M-dimethylaminoacetic acid (62 mg, 0.6 
mmol) and M-hydroxybensotriazole (87 mg, 0.57 mmol) in 2 mL 
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of DMF at 0** C was added EDC (109 mg, 0.57 inmol) , Ihe 
reaction lobctxire was stirred for 1 hour and then {2R, 3S)- 
3 (L -tert- butylQlvcinvl) amido-l-isoairyl KieEt^ 
butylcarboamoyl) ainino-4-phenyl-2-butanol (231 mg, 0.5 mmol) 
5 was added. The reaction was stirred at room temperature for 
16 hours and then concentrated in vacuo. The residue was 
chroma tographed on silica (50 gm) usiiig 5% ethanol in 
dichloromethane • The butaneamide, 2- [{2, 2- 
dimethylaminoacetyl) amino] -N- [3- [ [ [ (1^ 1- 
10 dimethylethyl) amino] carbonyl] (3-metti7lb^ityl) amino] -2- 
hydro5^-l" (phenylmetliy^l) propyl] -3 , S-dimetli^i- , [IS- 
tlR*(R*)) r2S*]]- was obtained as a wliite solid Anal. Calc'd 
for C30H53N5O4.O.3 H20:C,65.13;H, 9.77; N, 12.66. Foxand: C, 
65.10; H, 9.79; N, 12.52. 

15 

gx;9inplg 23B 

The conpoimd of Example 23A/ . Part D2, was prepared by an 
alternate metliod as described below. 

20 

To a solution of butaneamide/ 2-amino-N- [3- [ [ [ (1,1- 
diitietliyletlQ^l ) amino] -carbonyl] (3-metlQ^lbutyl) amino] -2- 
l?^dro3<y-l- (phenylmethyl)propyl] -3 , 3-dimeth^l- , [IS- [IR* (R*) , 
2S*]- (694 mg, 1.5 mmol) and N-methylmorpholine (175 uL, 1.6 

25 mnol) in 5 mL of dichlorometliane was added bromoacetyl 
cliLoride (132 uL,. 1.6 irmol) . After 20 minutes at room 
tertperatxure the solvent was removed on a rotary evaporator 
and the residue cliromatographed on silica (50 gm) using 2% 
methanol in' dichlorometliane. The product was obtained as a 

30 white solid Anal. Calc'd for C28H47N404Er.H20: C, 55.90; H, 
8.21; N, 9.31. Found: C, 55.67; H, 7.90; N, 9.08. 

To a solution of butaneamide, 2-[ (2-bromoacetyl)amino]-N-[3- 
[ [ [ (1, l-dimetlr/letliyl) amino] carbonyl] (3-metJnylbutyl) amino] - 
35 2-l:^droxy-l- (phenylmethyl) propyl] -3 , 3-dimethyl- , [IS- [IR* (R* ) , 

2S*]1- (582 mg, 1.0 mmol) and HrN-diisopropylethylamine 
(260. iriL^, 1.5 mmol) in 10 iriL of dichlorometliane was added 

H/N-dimethyXamine hydrochloride (122 mg 1.5 mmol) . The 
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reaction was stirred at room temperature for 16 hours, then 
concentrated on a rotary evaporator. The residue was 
chromatographed on silica (50 gm) using 2.5% methanol in 
dichloromethane . The butaneamide, 2- [ (2 , 2- 
5 dimethylaminoacetyl ) amino] -N- [3- [[[{1,1- 

dimethyl ethyl ) amino] -carbonyl ] ( 3 -methylbutyl ) amino] -2 - 
hydroxy-1- (phenylmethyl) propyl] -3, 3 -dimethyl-, [IS- [IR* (R*) , 
2S*]]- was obtained as a white solid Anal Calc'd for 
C30H53N5O4-O,22 CH2CI2: C, 64.00; H, 9.50; N, 12.35. Found: 
10 C, 63.97; H, 9.51; N, 12.24. 

Butaneamide, 2-amino-N- [3- [ [ [ (1, 1-ddjmethylethyl) amino] - 
carbonyl] (3-metliylbutyl)amino] -2-hydroxy-l- 
(phenylmethyl) propyl] -3, 3 -dimethyl-, [IS- [IR* (R*) , 2S*] - 
15 was also capped, generally utilizing the procedures shown in 
Exaitples 23A and 23B, with the acyl groups shown in Table 
12. 



wo 93/23368 



PCr/US93/04806 



92 

TABLE 12 



Acyl Group (R) 



benzy^loxycarbonyl 

tert -butoxvcarbonvl 

acetyl 

2 - quincylcarbonyl 
10 pheno5<yacetyl 

benzoyl 

methyloxaloyl 

pivaloyl 

trifiuoracetyl 
15 bromoacetyl 

h/droj^acetyl 

morpholinylacetyl 

N-ben2ylaininoacetyl 

Isr-phenylaminoacetyl 
20 N-benzyl-N-methylaminoacetyl 

N-methyl-N" (2-l:^drox7ethy'l) aminoacetyl 

N-mett^lcarbampyl 

3 - metliylbut^Ty 1 
N-isobutylcarbamoyl 

25 succinoyl (3 -carboxypropiony 1 ) 

carbaincyl 

N-isobutylaiciino acetyl 

N,N-diethylamino acetyl 

N- (2-metho3Q^ethyl) aminoacetyl 

30 N- ( S-a-methylbenzyl ) aminoacetyl 

N-CR-a-methy-lbenzyl) amino acetyl 
N-(S-2"tetralin) amino acetyl 
lsr-{R-2*teralin) amino acetyl 
N-pyrrol idiny lacetyl 

35 N"metl^l-N-(2-pyric^lethyl) amino acety] 

N-tetrahydroisoquinolylaminoacetyl 
N-p-methoxybenzylamino acetyl 
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E?^gipplg g4A 

The procedure described below illustrates 
preparation of corrpounds of Fonoula III. 
5 Propanamide, N- [3- [ [ { (1, 1-dimethylethyl) amino] carbonyl] (3- 
inethylbutyl ) amino] -2-Iydroxy-l- (plienylmetliyl ) propyl] -2- 
methyl-3- (2-plienyletlvlsulfonyl) [IS- [IR* (R*) ,2S*] ] and 
its diastereomer, 

ID Part A :- 

A solution of methyl metliacrylate (7,25 g, 72.5 
mmol) and phenethyl mercaptan (10,0 g, 72.5 mmol) in 100 mL 
of methanol was cooled in an ice bath and treated with 
sodium methoxide (100 mg, 1.85 mmol) . The solution was 

15 stirred under nitrogen for 3 h and then concentrated in 

vacuo to give an oil that was taken up in ether and washed 
with 1 N aqueous potassium 'hydrogen sulfate, saturated 
aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, filtered and concentrated to give 16.83 g, 97.5% 

20 of methyl 2- {R,S)-met]nyl-4-thia-6-phenyl hexanoate as an 
oil. TLC on Si02 eluting with 20:1 hexane: ethyl acetate 
(vrv) Rf=:0.41. 

Part B : 

25 A solution of methyl 2- (R,S)-methyl-4-thia-6- 

phenyl hexanoate (4,00 g, 16.8 mmol) in 100 mL of 
dichloromethane was stirred at room terrperature and treated 
portion wise with met a - chloroperoxybenzoi c acid (7.38 g, 
39.2 mmol) over approximately 40 m. The solution was 

30 stirred at room temperature for 16 h and then filtered and 
the filterate washed with saturated aqueous sodium 
bicarbonate, IN sodium hydroxide, saturated aqueous sodium 
chloride, dried over anl^drous magnesium sulfate, filtered, 
and concentrated to give 4.50 g, 99% of desired sulfone, 

35 The unpurified sulfone was dissolved in 100 mL of 

tetrahydrofuran and treated with a solution of lithium 
hydroxide (1.04 g, 24,5 mmol) in 40 mL of water. The 
solution was stirred at room temperature for 2 m and then 
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concentrated in vacuo. The residue was then acidified with 
IN aqueous potassium hardrogen sulfate to pH=l and then 
extracted three times with ethyl acetate. The combined 
ethyl acetate solution was washed with saturated aqueous 
5 sodium chloride, dried over anhydrous magnesium sulfate, 
filtered and concentrated to give a white solid. Ihe solid 
was taken xjp in boiling ett^l acetate/hexane and allowed to 
stand undisturbed \*iereupon v*iite needles formed that were 
isolated by filtration and air dried to give 3.38 g, 79% of 
ID 2- (R,S)-metl^l-3(S-phenethsrlsulfonyl) -propionic acid, np 

91-93°C. 

Part C : 

A solution of 2-(R,S)-methyl-3 (S- 
35 phenetI^ls;ilforyl) -propionic acid (166.1 mg, 0.65 ramol)/ M- 
l^rdroxybenzotriazole (HOBT) (146.9 mg, 0.97 ramol), and 1- 
( 3 -dimetl^rlaminopropyl ) -3-etl^lcarbodiimide hydrochloride 
(EDC) (145.8 mg, 0.75 mmol) in 4 mL of anhydroiis 
dimethylf ormamide (DMF) cooled to 0°C and stirred under 

20 nitrogen for 0.5 h. This solution was then treated with 3- 
[ [ (dimetl^lethyl) amino] carboiiyl] (3-methylbutyl) amino-2 (R) - 
l^draxy-l(S)-(pher^lmetl:5rl) propyl amine (201.9 irg, 0.59 
nmol) and stirred at room tenperature for 16 h. Hie 
solution was poured into 30 inL of 60% saturated aqueous 

25 sodium bicarbonate solution. The aqueous solution was then 
decanted from the organic residue. The organic residue was 
taken up in dichloromethane and washed with 10% aqueous 
citric acid, brine, dried over anhydrous magnesium sulfate, 
filtered and concentrated to give 110.0 mg, 32% of (2R,3S)- 

30 3- \M-2- (R) -inetl5rl-3- (fi-phenethylsulf oiyl) propioi^l] amido-1- 
isoaityl-1- ( tert- butvlcarbaicovl ) amino-4-phenyl-2-butanol and 
(2R, 3S) -3- [M-2- (S) -methyl-3- (S- 

phenethylsulf oi^l) propioryl] amido^l-isoaityl-1- ( tert- 
butylcarbamayl)amino-4-phenyl-2-butanol, FAB mass spectrum 
35 (MH+) s588. Flash diromatography of the mixture on silica 
gel eluting with 1:1 hexane: ethyl acetate afforded the 
separated diastereomers. 
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Propanamide , N- [ 3 - [ [ 1 11* l-danetlylethy 1 ) amino ] carbony 1 ] ( 3 - 
methylbutyl) amino] -2-l y dr<3! y ^l--(pheiylmettyl ) propyl 3 -2- 
5 metl:^l-3-{metlTylsiilfaii7l)- flS-IlR* (R*) , 2S*] ] , and its 
diastereomer. 

A solution of itffiClyl 2- (bromomethyl) -acrylate 
ID (26.4 0.148 mol) in 100 inL of methanol was treated with 
sodixm methanesulfinate (15,1 g, 0.148 mol) portion wise 
over 10 m at room teiqperature, ^^The solution was then 
stirred at room tertperature for a period of 1.25 h and the 
solution concentrated on vaxaio. TEhe residue was then taken 
35 /LP in water and esctracted fcur tines with ethyl acetate. 
*Ihe combined ethyl acetate solution was washed with 
saturated sodium cdiiaride, drieS over ahlrvdrous magnesium 
"Siilfate, filtered and txjnomtrated to give a white solid, 
20.7 g which was taken up in boiling acetone /methyl i^rt- 
20 butyl ether and allowed to stand ^diereupon crystals of pure 
methyl 2- (methylsulfcoylmetlyl) aciylate 18.0 g, 68% 
formed* up 65-68 0°C. 

P$^rt P: 

25 A solntion of iretiyl 2- (methylsulfonylmethyl) 

aery late (970 mg, 5-44 mmol) in .15 iriL of tetrahydrofinran 
was treated with a solution of lithium hydroxide (270 mg, 
6.4 xtrool) in '7 iriL of water. Ihe solution was stirred at 
room temperature for 3 m and .then acidified to pH=l with 1 

30 N agueous:;potassiT3m hydrogen sulfate and the solution 
extracted three times with ethyl acetate. The combined 
ethyl acetate solution v^as -dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give 793 mg, 89% of 
2-(metl:vlsulfonylmethyl) acrylic acid, irp 147-149 0°C. 



35 
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„Fart C: 

A solution of 2-(metiiirls\ilfonylinethyl) acrylic 
..acid. (700 ing, 4.26 mmol) in 20 itiL of methanol was charged 
into a Fisher-Pdrter bottle along with 10% palladium on 
5 caiban catalyst, under a nitrogen atmosphere. The reaction 
vessel was sealed and flushed five times with nitrogen and 
t hpn five times with h/drogen. The pressure was maintained 
at 50 psig for 16 h and then the iQ^drogen was replaced with 
■nitrogen and the solution filtered through a pad of celite 
10 to remove the catalyst and the f literate concentrated in 

vaaao to give 682 mg 96% of 2-{R,S)-methyl-3-methylsulfonyl 
* * propionic acid. 

Part D : 

15 A solution of 2- (R,S) -methyl-3 (methylsulfor^l) 

p ropionic acid (263.5 mg, 1.585 mmol), 

hy dr ox ybenzotriazole (HOST) (322.2 mg, 2.13 mmol), and 1- 
{3^iaimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
(EDC) (339.1 ir^, 1.74 mmol) in 4 iriL of anlydrous 

20 -diicetfcylformamide (DMF) cooled to 0°C and stirred under 

nitrogen for 0.5 h. This solution was then treated with 3- 
[ [ (1 , 1-dimethylethyl ) amino ] carbonyl ] ( 3 -methylbutyl ) amino- 
2 (R}-hydro3Qr-I(S)-(pher^lmethyl) propyl amine (543.5 mg, 
1^58 mmol) and stirred at room temperature for 16 h. The 

25 solution was poured into 60 mL of 60% saturated aqueous 

sodium bicarbonate solution. The aqueous solution was then 
decanted from the organic residue. The organic residue was 
taken up in dichloromethane and washed with 10% aqueous 
citric acid, brine,: dried over anhydrous magnesium sulfate, 

30 filtered and concentrated to give 471.8 mg, 60% of 

Propanamide, N- [3- [ [ [ (1, l-dimethyleti^l) amino! carboi^l] (3- 
methylbutyl ) amino J -2 -hydro3^-l- (phenylmethyl ) propyl] -2- 
methyl-3-(methylsulfonyl)-, [1S-[1R*(R*) , 2S*l]-andits 
diastereomer. 

35 
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Example 25 

Preparation of Sul fone Inhibitors From L- (-f )-S-acetvl-S- 
mercaoto isobutyric Acid 

Part A : 

Propanamide, N- [3- [ [ [ (1, 1- 
dimethylethyl ) amino ] carbonyl ] ( 3 -methylbuty 1 ) amino] -2 - 
hydroxy- 1" (phenylmethyl ) propyl ]-2-methyl-3-S-acetyl) - [IS- 
tlR*),2S*]]-. 



A roxmd-bottomed flask was charged with (2R,3R)- 
3-amino-l-isoairyl-l- ( tert -butylcarbamoyl ) amino-4-Dhenvl'-2- 
butanol (901.5 mg, 2,575 mmol) , L- (+) -S-acetyl-b- 
mercaptoisobutyric acid (164.5 mg, 2.575 mmol), l-(3- 

15 dimethylaminopropyD-S-etlylcarbodiimide hydrochloride 
(EDC) (339.1 mg, 1.74 mmol), and 10 mL of CH2CI2 and 
allowed to stir at room teitperature for 16 h. The solution 
was concentrated in vacuo and the residue taken up in ethyl 
acetate, washed with IN KHSO4 sat. aq. NaHCOs, brine, dried 

20 over anhydrous MgS04, filtered and concentrated to give an 
oil that was purified by radial chromatography on Si02 
eluting with ethyl acetate to give the pure product, 800 
mg, 63%. 

25 Part B : 

Propanamide , N- [ 3 - [ [ 1 1 ^ 1-dimethylethy 1 ) amino ] - 
carbonyl] (3-methylbutyl) amino] -2-l:iydro3Q^-l- (pher^lmetlnyl ) - 
propyl] -2-methyl-3-mercapto) - , [IS- [IR* (R* ) , 2S*] ] - . 

30 A solution of [IS- [IR* (R*) ,2S*] ] - N-[3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2-methyl-3-S-acetyl) - 
propanamide (420 mg, 0.85 inmol) in 10 mL of methanol was 
treated with aniiydrous ammonia for ca. 1 m at 0°C. The 

35 solution was stirred at that temperature for 16 h and then 
concentrated in vacuo to give 380 mg, 99%, of the desired 
product that was used directly in the next step without 
further purification. 
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part C : 

ata^ianainide, N- [3- [ [ [ (1 r l-dimethyletl^rl ) amino] - 
carbonyl] ©-^aiEtiiirlbutyl) amino] -2-hYClro5y-l- (plieriirlmethyl) - 
propyl] -2-«iBthyl-3-S-metl:5rl- , [IS- [IR* (R* ) , 2S*] ] - . 

5 

A solution of [1S-[1R*(R*),2S*]]- N-[3"[ [ [ (1,1- 
dimetlyleasri) amino] carbonyl] O-metl^rihutyl) amino] -2- 
l^droxy-l-iphenylmethyl) propyl] -2-metl]yl-3-mercapto) - 
propanamide {380 mg, 0.841 mmol) in 10 mL of dry toluene 

ID lander nitrogen was treated in rapid succession with 1,8- 
diazabicyclo[5.4^0]undec-7-ene, (DBU) , (128.1 mg. 0.841 
mrrol) and iodometliane (119.0 mg, 0.841 mmol) • After 0.5 li 
at room tenperature the reaction was f oimd to be corrplete 
and the solution was diluted with ethyl acetate washed with 

15 IN KHS04, sat. aq. NaHCOs-, brine. After the solution was 
dried over anl^ydrous MgS04, filtered and concentrated in 
vacuo the desired product was obtained as wliite foam was 
obtained* 370 mg, 94.5%, tliat was used directed in the next 
step. 

20 

Part D : 

Propanamide, N-t3-[[[ (1,1-dimethylethyl) amino] - 
carlDoi^lJ (3-methylbutyl) amino] -2-l:ydro3^-l- (phenylmethyl) - 
propyl] -a-metl^l-S-Cmett^^^lsulfonyl)-, [1S-[1R*(R*) ,2S*]]-. 

25 

.A solution of [1S-[1R*{R*),2S*]]-N-[3"[[[(1,1- 
dimet]:iyleS±yl) amino] carbonyl] (3-methylbutyl)amino]-2- 
]nydroxy-l"(phenylmetlyl) propyl] -2-met]:yl-3-S-methyl) - 
propanamide (340 mg, 0.73 mmol) and sodium perborate (500 

30 mg, 3.25 xnrtol) in 30 itiL of glacial acetic acid was warmed 
to 55°C for 16 h. Hie solution was conentrated is WWP 
and then the residue talcen iip in etlyl acetate, washed with 
water, sat. aq. NaHC03, brine, dried over anliydrous MgS04, 
filtered and concentrated to give the desired product as a 

35 white solid, 350 mg, 96%. 
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pxaniDle 26 

Hffi canpounds shown in Tables 13A and 13B were 
prepared generally according to the procedure set forth in 
5 Exanples 24 and 25. 

TABLE 13A 



ID 



15 




0 I 



CH3- 
CH3CH2- 
CH3C3I2CH2- 
PhCH;2CH2- 

20 PhCH2- 

Eh- 

(CH3)2CH- 
HOCH2CH2- 



O 

II 

2 C6H5CH2O-CCH2 

o 

II 

H2NCCH2- 

O 

30 CH2=CH-CH2- 
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TABLE 13 B 




Prgparation of 2 fS)-methvl-3-(inethvlsulfon vl) propionic 
20 Acid , 

. To a solution of lOg of D- (-)-S-benzoyl-b- 
mercaptioisobutyric acid t-butyl ester in 20 mL of methanol 
was bubbled in gaseous amrtonia at 0°C, The reaction was 

25 allowed to then wann to room terrperature, stirred overnight 
and concentrated under reduced pressure • The resulting 
ndxture of a solid (benzainide) and liquid was filtered to 
provide 5.21g of a pale oil which then solidified. This 
was identified as 2 {S)-inethyl-3"inercaptopropionic aid t- 

30 butyl ester. 
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To a solution of 5,21g of 2 (S)-inet]:i/l-3- 
mercaptopropionic acid t-butyl ester in 75 mL of toluene at 
0*^0 was added 4.50g of l,8-dia2abicyclot5.40]undec-7-ene 
5 and 1,94 inL of methyl iodide. After stirring at room 
temperature for 2.5 hours, the volatiles were removed, 
ethyl acetate added, washed with dilute hydrochloric acid, 
water, brine, dried and concentrated to afford 2,82g of a 
pale oil, identified as 2 (S) -methyl-3- (thiomethyl) propionic 
ID acid t-butyl ester. 

To a solution of 2,82g of 2 (S) -methyl-3- 
(thiomethyl) propionic acid t-butyl ester in 50 mL of acetic 
acid was added 5.58g of sodium perborate and the mixture 
15 heated to 55°C for 17 hours. The reaction was poured into 
water, extracted with methylene chloride, washed with 
aqueous sodium bicarbonate, dried and concentrated to 
afford 2.68g of 2 {S)-inethyl-3- (methylsulfonyl) propionic 
acid t-butyl ester as a white solid. 

20 

To 2.68g of 2 (S) -methyl-3- {methylsulfonyl) - 
propionic acid t-butyl ester was added 20 mL of 41^ 
hydrochloric acid/dioxane and the mixture stirred at room 
terrperature for 19 hours. The solvent was removed imder 
25 reduced pressure to afford 2.18g of crude product, which 

was recrystallized from ethyl acetate/hexane to yield 1.44g 
of 2(S)-methyl-3-(methylsulfonyl)propionic acid as white 
crystals . 
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5 



TgyfiTTinle 28 

This exaitple illustrates preparation of 
cattpoimds of Formula IV vfaerein t is 1. 

4_U-benzyl itaconamide. 

CH, 




X X 



20 A 500 nil three nedced round bottomed flask 

equipped with, a dropping funnel, mechanical stirrer, 
nitrogen inlet and ref 1\jk condenser was charged with 
..itaconic anl^rdride (33. 6g, 0.3 itol) and 150 iriL of toluene. 
...""Ehis solution was added a solution of benzylamine (32. Ig, 

15 0.3 Itol) in 50 itiL of toluene dropwise over 30 m at room 

tenperature. The. solution was stirred at this tertperature 
an additional 3h and then the solid product isolated 
filtration on a Buchner funnel. The crude product, 64. 6g 
98%, was recrystallized from 300 mL of isoprppyl alcohol to 

23 give after two crops 52. Ig, 79% of pure product, rp 149-150 

2 (R) -Methyl 4-N-ben:^l succinamide. 

CH, 




X X 



25 

A large Fisher-Porter bottle was charged with 
the acid from the above reaction (10.95g, 0.05 mol) , 
rhodium {R,R)-DiPAMP (220mg, 0.291 mmol) and 125 inL of 
30 degassed methanol. The solution was then hydrogenated at 
40 psig for 16h at room tenperatiire. After the hsrdrogen 
uptake ceased, the vessel was opened and the solution 
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concentrated in vacuo to give a yellow solid, ll.OSg, 100%, 
The product was then taken up in absolute ethanol and 
allowed to stand whereupon crystals of the desired product 
formed, 7.98g, 72%, mp 127-129 °C [a]D @ 25 °C=+14.9° 
5 (c=1.332, EtOH), 1h nmr (CDCI3) 300MHz 7.30(m,5H), 

6.80(brs, IH), 4.41(d, J=5.8Hz, 2H) , 2.94(m, IH) , 2.62(dd, 
J=8.1, 14.9Hz, IH), 2.33 (dd, J=5,5, 14.9Hz, IH) , 1.23 (d, 
J=7.2Hz, 3H) . 

IjO 4 - N ( 4 -methoxybenzyl ) i taconamide • 




A 500 mL three necked round bottomed flask 
15 equipped with a dropping fiannel, mechanical stirrer, 
nitrogen inlet and reflux condenser was charged with 
itaconic anhydride (44. 8g, 0.4 mol) and 150 iriL of toluene. 
This solution was added a solution of 4-methoxybenzylamine 
(54. 8g, 0.4 mol) in 50 mL of toluene dropwise over 30 m at 
20 room ternperature . The solution was stirred at this 

temperature an additional 2h and then the solid product 
isolated by filtration on a Buchner fiKmel. The crude 
product was recrystallized from ethyl acetate/ ethanol to 
give after two crops 64. 8g, 65% of pure product, irp 132-134 
25 °C, iH nmr (CDCI3) 300MHz 7.09(d, J=9.1Hz, 2H) , 6.90(brt, 
J=5.9Hz, IH), 6.74(d, J=9.1H2, 2H) , 6.22(s, IH) , 5.69(s, 
IH), 4.24(d, J=5.9Hz, 2H),-3.69(s, 3H) , 3.15 (s, 2H) . 13c 
nmr {CDCI-3) 170.52, 169.29, 159.24, 135.61, 131.08, 129.37, 
128.97, 114.36, 55.72, 43.37, 40.58. 
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2 (R) "Methyl 4"N(4^metIi uxyl>i:flQ 2yl ) succinaiaide , 




5 A laige-Fishier-Porter bottle was 

charged with the add f rem tJie aJaove reaction (5.00 g, 0.02 
mol), rhodium {R,R>-DiPAMP 1110 mg^ 0.146 mmol) and 50 itiL 
of degassed nethanoi. - Hie starting acid was not corrpletely 
soluble initially, imt as tie reaction progressed the 

3D solution became homogeneous. - Hie solution was then 

Iti^drogenated :at "40 -:psig far .l6h at room terrperatxire. After 
the l^^drogea tjgptake ceased, -tdae vessel was opened and the 
solution ^on ^?*^^) r^t^ In vaciao to give a yellow solid. The 
crude produdt^if^as :;fhen takm a:© in^.ethyl acetate and washed 

15 three times .wxth^sat.^ aq. IHEQDps solution. Hie combined 
aqueous extracts \ffere- acidified to ;pH=l with 3 N HCl and 
then extracted three times Tflith ethyl acetate. The 
cornhined eti^l acetate extracts if?ere washed with brine, 
dried over anl^^ i^S04, fiitared and concentrated to give 

20 the es^ected^product as aiwiaite solid, .4.81g, 95%. This 
material "ms xeciystallized from a mixture of methyl ethyl 
ketone/hexane to:give 3.80g, 75% of pure product^ [a]D @ 25 
°fe+11.6** (c=1.372, MeOH). 1h umr (CDCI3) 300MIz 11.9(brs, 
IH)^ 7.18{d, J=9.2Hz, 6-82(d, J^9.2Hz, 2H) , 6.68(brt, 

25 J=5*6Hz, IHK, ..4,33 (d, J=5.6HZx 2H) , 3.77 (s, 3H) , 2^92(ddq, 
J=7.9, 5.4, 7.3Hz, IH) , 2:€0'{dd, J=5.4, 15,0Hz, IH) , 
2,30 (dd, J=7.9r 15.0Hz, lH),l*22 (d, J=7.3Hz, 3H) . 



wo 93/23368 



105 



PCr/US93/04806 



Butanediamidsr N' - [3- [ [ [ (1, 1- dimethyl ethyl) amino] - 
carbonyl] (3-methylbutyl) amino] -2-hydroxy-l- 
(phenylmethyl) propyl] -N-4-methoxyphenylmethyl-2- 
met^iyl, [IS- [IR* (2R* ) , 2S*] ] - 

5 




A 50 mL roiind bottomed flask was charged with 
2(^l)-methyl 4"N(4-methoxyben2yl) succinainide (588 mg, 2.35 

1£) mmol), N-l^dro^Q^benzotriazole (511 mg, 3.34 mmol) and 6 mL 
of DMF. The solution was cooled to 0° C and treated with 
1- { 3 -dimethylaminopropyl ) -3 -etlny Icarbodiimide hydrochloride 
(502 mg, 2.62 mmol) for 20 m. A solution of (2R,3S)-3- 
amino-1- {3-meth^lbutyl) -1- [ (1, 1- 

15 dimethylethyl) amino] carbonyl )"4-phenyl-2-butanol (782 mg, 
2.24 mmol) in 2 iriL of DMF was added and the solution 
stirred at room tenperature for a period of 24 h. The 
solution was concentrated in vacuo and poured into 50 mL of 
50% sat. aq. NaHCOs, the aqueous phase was extracted with 

20 CH2C12- The organic phase was washed with 5% citric acid, 
NaHC03, brine, dried over anhyd. MgS04, filtered and 
concentrated to give an oil that was purified by radial 
chromatography on Si02 eluting with hexane/ethyl acetate to 
give 790 mg, 59% of pure product as a white foam. 

25 
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Butanediainide, N' - [3-1 [ [ Cli^l-dimethyletlxyl) amino] - 
cartonyll (3-jaetliylbutyl) amino] -2-hyaroxy-l- 
(phenylasBtiyl ) propyl I -N-phenylmetliyl - 2 -methyl , [ IS - 
[lR*(2R*^i2S*]]- 

5 




A 50 iriL roimd bottomed flask was charged with 
2{R)-3nEl:igrl^N-(berizyl) succinamide (243 mg, 1*1 itcnol) , N- 

ID h^" -1i-OHA^l i P Tvyr^t-rn a ^inl P (213 mg, 1.39 mmol) and 3 iriL of IMF, 
The solution was cooled to O'' C and treated with l-(3- 
dimet±yl3niiiiciaxEyl) "3-ethylcarbodiimide l^rdrochloride (228 
mg, 1,17 mnol) for 20 m. A solution of (2R,3S)-3-ainino-l- 
(3-iietliylbatyl) -1- [ (1, l-dimetl^lethyl) aitdno] carborii^l) -4- 

35 pheryl-2-lnitanol (327 mg, 0.95 inmol) in 2 iriL of DMF was 
added anra the solution stirred at room tennperature for a 
period of 24 h. Ihe solution was concentrated in vacuo- and 
poiired ijrto 50 iriL of 50% sat. aq. NaHCOs, the aqueous phase 
was extracted with CH2CI2. Ihe organic phase was washed 

20 with 5% citric acid, NaHCOs, brine^ dried over anl^d. 

MgS04, filtered and concentrated to give an oil that was 
purified by flash chromatography on Si02 eluting with 
hexane/etbyl acetate to give 370 mg, 70% of pure product as 
a white foam. 



25 
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ExaariDle 29 

.Following the procedure generally as set forth 
in Exaaaple 28, as well as in Exairples 31-45, the coitipoimds 
5 shosan in Table 14 were prepared. 

TABLE 14 



ID 




Rl r30 . r31 r32 X' r33 r34 
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Example 30 

Following the procedure generally as set forth 
5 in Exanple 28, as well as Exanples 31-45, the corrpoimds 
shown in Table 15 were prepared. 



10 



TABLE 1^ 



25 



9\ 



HO' 




l2lN -0 



^"^^ OH 
CH3 

HO 
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ID - ^ 

Prr^T:a^^lfm of 3 f.^) - n^f^^ouinolinvlrarbonyl) -X.- 

agp;^yacriwllainT nn-2 fR^ - l3<;dra3ggr--4-nhemrlbu1^] amine. N- (3- 
15 Part A s 

Preparation of N-3 (S) - {Benzylox^rcarbon/l) - 
aininO"2XR) N- O-metlw^lbutyl} . 
A solution of 20g (67 uraaL) of N-benzylo3ycarbonyl-3 (S)- 
aInino-l,2*(S) -epo5Qr-4-piheEi^lbutane in 140 itiL of isopropyl 
20 alcohol was treated with 83g (952 mmol) of isoawlamine and 
refluxed for one hour. IS^b solution was cooled , 
concentralied, hexane added and the resulting solid filtered 
to afford -22. 4g of the desired product. 

25 Part B t 

Preparation of N-3 ^ S ) - ( Ben2y loxy-carbonyl ) - 
ainino-2 (R) -hydrox7-4-pheiylbutylaminer N- (3-methylbutyl) -N- 
(t-butyloxycarboi^rl) . To a solution of 22. 4g (58.3 mmol) 
of product from Part A abo^e, 6.48g (64.1 mmol) of 
30 triethylamine and 150 of N,N-dimethyl-4-aminopyridine in 
200 mL of tetral^drofuran at O^'C was added 12. 7g (58.3 
mrrol) of di-t-butylpyro c a rfa onate in 10 mL of THE, After 
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3,5 hours at room teitperature, the volatiles were removed, 
^aiyl acetate added and washed with 5% citric acid, sat'd 
lJaHCX)3, dried and concentrated to afford 30g of crude 
product. Chromatography on silica gel using 20% ethyl 
5 acetate/hexane afforded 22. 5g (79%) of the desired product. 

C: 

Preparation of N-3 (S)- [N-benzyloxycarbonyl-L- 
asparaginyl] amino-2 (R) -hydroxy- 4 -phenylbutylamine, N- {3- 

ID irethylbutyl)-N-(t-butyloxycarbo3nyl) . A solution of 22. 5g 
of product from Part B above in 200 mL of ethanol was 
hydrogenated over 5.9g of 10% palladium-on-carbon under 50 
psig hydrogen for one hoxir. The catalyst was filtered and 
the solvent removed mder reduced pressureto afford 15. 7g 

15 -of free amine. This was dissolved in 130 mL of DMF and 
.4.54g (44.9 mmol) of N-methylmorpholine an added to a 
.fflL3d:ure of 13. 3g (49.9 mrrol) N-benzyloxy-carborryl-L- 
asparagine, 11. 5g (74.9 mmol) of N-tydroxybenzotriazole and 
lO.Sg (54.9 mmol) of EDCl in 120 mL of DMF at O^'C, which 

20 had been preactivated for one hour prior to the addition. 
The mixture was stirred for 2 hours at 0°C and then for 12 
hours at room terrperature. The reaction was poiired into IL 
of sat'd aqueous sodium bicarbonate, the solid collected, 
dissolved in ethyl acetate, washed with water, sat'd sodium 

25 bicarbonate, 5% citric acid and brine, dried and 

concentrated to afford 16 •7g of the desired product. 

P^rt D: 

Preparation of N-3 (S)-[N- (2-quinolinylcarbonyl)- 
30 L-asparaginyl] amino-2 (R) -hydro5^-4-phenylbutylamine, N- (3- 
metl:^lbutyl)-N-{t-butyloxycarboriyl) . A solution of 16 •7g 
(28.0 mmol) of product from Part C in 250 mL of methanol 
was hydrogeiiated over 6.0g of 10% palladium-on-carbon and 
under 50 psig hydrogen for one hoiar. The catalyst was 
35 filtered and the solution concentrated to afford 10. Og of 
free amine. This was dissolved in 100 mL of methylene 
chloride, 4.35g (43 mmol) of N-methylmorpholine was added 
followed by 5.53g (20.5 mmol) of quinoline-2-carboxylic 
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acid, N'tydroxysuccin i niide ester. Hiis was stirred at room 
tertperatuxe overnight, the solvent removed, ethyl acetate 
added and washed with 5% citric acid, sat'd sodium 
bicarbonate, brine, dried and concentrated to afford 14g of 
5 crude product. Recrystallization from ethyl acetate and 
hexane afforded 10. 5g (83%) of desired product. 

P^rt; E: 

Preparation of N-3 (S)- [lS^-(2-guinolir]yl- 
lD carbonyl) -L-asparaginyl] amino^2 (R) -hydro5^-4- 

pheiQrlbutylainine, N- {B-methylbut^rD • To 80 mL of 4N 
hydrochloric acid in dioxane was added 9.17g (14.8 mmol) of 
product from Part D above. After one hovr, the product 
becomes gumrcy. The solvents were removed, diethyl ether 
15 added and removed and the residue dissolved in 20 mL of 
methanol. This solution was added to 400 mL of sat'd 
aqueous sodium bicarbonate, the solids collected, washed 
with acetone and hexane and dried in vacuo over P2O5 to 
afford 4.75g of the desired product. 

20 

Example 32A 




O CHa 



Prenarafcion of Benzvl 2 > 2 , 3 (Rl -trimet hvlsuccinate 

25 

Pgr£^: 

Preparation of Methyl (S) -lactate, 2-metho:^-2- 
propyl ether. To a mixture of methyll(s)- 
(_) -lactate (13. 2g, 100 rcmol) and, 2-methoxypropene (21. 6g, 
30 300 itinol) in CH2CI2 (150 ml) was added POCI3 (7 drops) at 
r.t. and the resulting mixture was stirred at this 
tertperature for 16 hours. After the addition of EtsN (10 
drops) , the solvents were removed in vacuo to give 20. Og of 
(98%) desired product. 
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Preparation of 2 (S)-hyc3roxypropanal, 2-inethoxy- 
2 -propyl ether. To a solution of coirpoimd from Part A 
(20. Og) in CH2CI2 (100 ml) was added DIBAL (65 ml of 1.5M 
5 solution in toluene, 97.5 ramol) dropwise at "78°C for 45 
min. , then stirring was continued at the tertperature for 
another 45 min. To this cold solution was added MeOH (20 
ml), satxirated NaCl solution (10 ml) and allowed the 
reaction mixture to wamn up to r.t. and diluted with ether 
10 (200 ml), MgS04 (150g) was added and stirred for another 2 
h. The mixture was filtered and the solid was washed twice 
with ether. The combined filtrates were rotavaped to 
afford 11. 2g (78%) of the desired aldehyde. 

15 Part C : 

Preparation of 2 (S)-hydroxy-cis-3-butene, 2- 
methoxy-2 -propyl ether. To a suspension of 
ethyltriphenylphosphonium bromide (28g, 75.5 mmol) in THF 
(125 ml) was added KN {IMS) 2 (15. 7g, 95%, 75 mmol) in 

20 portions at 0°C and stirred for 1 h at the tertperature. 
This red reaction mixture was cooled to -78°C and to this 
was added a solution of aldehyde from Part B dig, 75 mmol) 
in THF (25 ml) . After the addition was coitpleted, the 
resulting reaction itdxture was allowed to warm up to r.t. 

25 and stirred for 16 h. To this mixture was added saturated 
NH4CI (7.5 ml) and filtered through a pad of celite with a 
thin layer of silica gel on the top. The solid was washed 
twice with ether. The combined filtrates were concentrated 
in vacuo to afford 11. 5g of crude product. The 

30 purification of crude product by flash chromatography 

(silica gel, 10:1 Hexanes/EtoAc) affording 8.2g (69%) pure 
alkene. 

Part D : 

35 Preparation of 2 (S)-]:^droxy-cis-3-butene. A 

mixture of alkene from Part C (8.2g) and 30% aqueous acetic 
acid (25 ml) was stirred at r.t. for 1 hour. To this 
mixture was added NaHC03 slowly to the pH - 7, then 
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extracted with ether (10 ml x 5) . The conibined ether 
solutions were dried (Na2S04) and filtered. The filtrate 
was distilled to remove the ether to give 2.85g (64%) pure 
alcohol, m/e=87(M:+H) . 

5 

Part E : 

Preparation of 2 , 2 , 3 -trimeth/l-hex- ( trans ) -4- 
enoic acid. To a mixtxare of alcohol from Part D (2.5g, 29 
itimol) and pyridine (2.5 ml) in CH2CI2 (60 ml) was added 

ID isobutyryl chloride (3 .1g, 29 itiinol) slowly at 0°C. The 
resulting mixtxire was stirred at r.t. for 2 hours then 
washed with H2O (30 ml x 2) and sat. NaCl (25 ml) . The 
conibined organic phases were dried (Na2S04) , concentrated 
to afford 4.2g (93%) ester 2 (S) -hydro5<y-cis-3-buter^l 

35 isobutyrate. This ester was dissolved in TEIF (10 ml) and 
was added to a l.OM LDA soln. (13.5 ml of 2. CM LDA solution 
in TEIF and 13.5 ml of THF) slowly at -78°C. The resulting 
mixture was allowed to warm up to r.t. and stirred for 2 h 
and diluted with 5% NaOH (40 ltd) . The organic phase was 

20 separated, the aqueous phase was washed with Et20 (10 ml) . 
The aqueous solution was collected and acidified with 6N 
HCl to pH ~ 3. The mixture was extracted with ether (30 ml 
X 3) . The conibined ether layers were washed with sat. NaCl 
(25 ml), dried (Na2S04) and concentrated to afford 2.5g 

25 (60%) of desired acid, m/e=157 (M+H) . 



Part F: 

Preparation of benzyl 2,2, 3 (S ) -trimetlyl-trans- 
4-hexenoate.A mixture of acid from Part E (2 .5g, 16 mmol) , 

30 BnBr (2.7g, 15.8 mmol), K2CO3 (2.2g, 16 mmol), Nal. (2.4g) 
in acetone (20 ml) was heated at 75°C (oil bath) for 16 h. 
The acetone was stripped off and the residue was dissolved 
in H2O (25 ml) and ether (35 ml) . The ether layer was 
separated, dried (Na2S04) and concentrated to afford 3.7g 

35 (95%) of ben^l ester, m/e=247 (M+H) . 
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P^rt G: 

Preparation of benzyl 2 , 2 , 3 (R) - 
trixaethylsuccinate. To a well-stirred mixtiire of KMh04 
(5.4g, 34, 2 inmol) , H2O (34 ml), CH2CI2 (6 ml) and 
5 benzyl triethylammoniiom chloride (200 mg) was added a 

solution of ester from Part F (2.1g, 8.54 mmol) and acetic 
acid (6 ml) in CH2CI2 (28 ml) slowly at 0°C. The resulting 
mixture was stirred at the temperature for 2 h then r.t. 
for 16 h. Ihe mixture was cooled in an ice-water bath, to 

ID this was added 6N HCl (3 ml) and solid NaHS03 in portions 
until^ the red color disappeared. The clear solution was 
extracted with CH2CI2 (30 ml x 3) . The combined extracts 
were washed with sat. NaCl solution, dried {Na2S04) and 
concentrated to give an oil. This oil was dissolved in 

15 Et20 (50 ml) and to this was added sat. NaHC03 (50 ml). 

The aqueous layer was separated and acidified with 6N HCl 
to pH 3 then extracted with Et20 (30 ml x 3) . The 
combined extracts were washed with sat. NaCl solution (15 
ml), dried (Na2S04) and concentrated to afford 725 mg (34%) 

20 of desired acid, benzyl 2,2,3 (R) -trimethylsuccinate, 
m/e=251(M+H) . 

px^mpl^ 323 

P^rt A: 

25 Preparation of Butanediamide , N lr3- F f f (1. 1- 

dimethvlethvl) amino 1 carbonvll (3-methvlbutyl) aminol -2- 
hvdroxv-1- (phenvlmethvDnrot^vll -2 , 3 > 3-trimethvl- FIS- , 

30 To a well-stirred solution of benzyl 2,2,3 (R)- 

trimethylsuccinate (225 mg, 0.9 mmol) in DMF (1.0 ml) was 
added HOBt (230 mg, 1.5 mmol) . Hhe clear reaction mixture 
was then cooled to 0°C, to this was added EDC (210 mg, 1.1 
mrtol) and stirred for 1 h at the teitperature. To this cold 

35 mixture was added a powder of (350 mg, 1.0 mmol) and DMF 
(0.5 ml) . The resulting reaction mixture was stirred for 2 
h at 0°C and 16 h at r.t. After the removal of DMF (^ 
40^*0, a solution of 60% sat. NaHCOs (10 ml) was added. 
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Ihis -mixture vzas extracted with EtQAc (10 ml x 2) . The 
ejctract:^'' were combined and washed with sat. NaHCQs (10 ml x 
2)v- 5% citric acid (10 ml x 2), H2O (10 ml), sat. NaCl (10 
mt) and dried (Na2S04) then concentrated to afford 512 mg 
5 (98%) of desired product Butanoic Acid, 4-[[3-[[[(l,l- 
diiretlylethyl) amino] carboii^ll (3-methirlbutyl) amio] -2- 
hyiSrax^-l-- (phenylmeth^l) propyl] amino] -2 , 2 3 -trimethyl-4- 
qxD/ E1S^[1R*(3S*) ,2S*] ] -benzyl ester as a viiite solid, 
ih/e=582 (M+H) . 
ID - ' 

ggtrt B: - 

A mixtxire of benzyl ester from Part A (480 mg, 
0.825 OTCiol), 10% Pd/C (450 mg) in MeOH (25 ml) was 
l^drpgenated (H2, 50 psi) for 1/2 h at r.t. Ihe mixture 

15 'MBS 'fiiltered and the solid was washed with MeOH (10 ml) . 

a5» collected filtrates were concentrated to afford a crude 
acid.,^ a white solid. The crude acid was dissolved in 
Et2CHEtOAc (10:1, 25 ml) and the solution was washed with 
sat. .NaBCDs (25 ml) then 5% NaOH (10 ml) . The combined 

20 aquiK>us layers were cooled to 0°C and acidified with 

aancentrated HCl {C02) to pH - 1 then extracted with Et20- 
EtQM: iIO:l, 25 ml X 3) . The combined extracts were washed 
with sat. NaCl (15 ml), dried (Na2S04) and concentrated to 
afford 307 mg (75.7%) of pxxre acid Butanoic acid, 4-[[3- 

25 [tl (lA-dimetliylethyl) amino] carbonyl] (3-metli/lbutyl)a^ 
2-l^dra3Q^r-l- (phenylmethyl) propyl] amino] -2,2, 3-trimethyl-4- 
axo-,llS-[lR*(3S*),2S*]l-, as a wliite solid, m/e=:491(M+H) . 

mt C; 

30 Botanoic acid, 4-[[3- [[ t(l,l- 
diInEthyletllyl)amino]carl^orI7l] (3-met]::yibutyl)amino]-2- 
hydroxy-l- (phenylmetlnyl ) propyl] amino] -2,2,3 -trimetl^l-4- 
oxo-,tlS-[lR*(3S*),2S*]]-, as a wliite solid, m/e=r491(M:+H) . 

35 To a well-stirred solution of the acid from Part 

B (245 mg, 0.5 irmol) in DMF (0.5 ml) was added HOBt (153 
mg, 1.0 mcnol) and EDC (143 mg, 0.75 mrrol) at 0°C. After 
stirring at 0°C for 2 h,. ISIH4OH (0.63 ml of 28% NH4OH, 5 
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Emol) was ac3ded and stirred at 0°C for 2 h, r.t. for 16 h. 
Hie removal of DMF 40°C) gave a white solid. *Ehe 
purification of the crude product b[y flash chromatography 
(silica gel, 5% MeOH/CE[2Cl2) gave 172 mg (70%) of pure 
5 amide as a white solid, in/e=491(M+H) . 

Example 33 




ID O CH3 

Preparation of methvl 2 , 2-dimethvl-3-methvl succinate, (R) 
and IS) isomers. 

15 Part A : 

Preparation of metlr^l 2,2-diinethyl-3-oxo- 
butanoate. A 250 ml BB flask equipped with magnetic stir 
bar and N2 inlet was charged with 100 ml dry TEIF and 4,57g 
(180 mmol) of 95% NaH, The slurry was cooled to -20°C and 

20 lOg (87 mmol) methyl acetoacetate was added dropwise 
followed by 11.3 ml (181 mmol) CH3l, Ihe reaction was 
stirred at 0°C for 2 hours and let cool to room terrperature 
overnight. The reaction was filtered to remove Nal and 
diluted with 125 ml Et20. The organic phase was washed 

25 with 1x100 1 5% brine, dried and concentrated in vacuo to a 
dark golden oil that was filtered through a 30g plug of 
silica gel with hexane. Concentration in vacuo yielded 
10,05g of desired methyl ester, as a pale yellow oil, 
suitable for use without further purification. 

30 

P^rt B: 

Preparation of methyl 2, 2 -dimethyl- 3- 0- 
(trifluoromethanesulfonate)-but-3-enoate. A 250 ml RB 
flask equipped with magnetic stir bar and N2 inlet was 
35 charged with 80 mL by THF and 5.25 ml (37.5 mmol) 
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diisoprpEylamine was added* The solution was cooled to - 
25°C (dry ice/ethylene glycol) and 15 ml (37.5 mmol) of 2.5 
M P" T^?Tn in hexanes was added. After 10 minutes a solution 
of 5g {35 mmol) 1 in 8 icd dry THF was added. The deep 
5 yellow solution was stirred at -20*^C for 10 min. then 12. 4g 
N-pher^l bis(trifluoromethanes\ilfonimide) (35 mmol) was 
added. 'The reaction was stirred @ "10°C for 2 hours, 
concentrated in vacuo and partioned between ethyl acetate 
and sat* NaHCOs, The combined organic phase was washed 

3D with MaHCDs, brine and cone, to an amber oil that was 

filtered through 60g silica gel plug with 300 mL 5% ett^l 
acetate/hexane Cone, in vacuo yielded 9.0g light yellow oil 
that was diluted with 65 ml ethyl acetate and washed with 
2x50 ml 5% aq K2CO3, 1x10 mL brine, dried over Na2S04 and 

35 aanc. in vacuo to yield 7.5g (87%) vinyl triflate, 
{m^fe277tM+H) suitable for use without further 

Part Gt 

20 '-^ Preparation of methyl 2,2-dimetl^l-3-carboxyl- 

~ but-3-enoate. A 250 ml Fisher Porter bottle was charged 
witti-7.5g (27 mmol) of compound prepared in B, 50 ml dry 
DMF, 360 mg (1.37 mmol) triphero^l phosphine and 155 mg (.69 
maiol) Pd(II) (Qft.c)2. Ihe reaction mixture was purged twice 

25 wiFh JSJ2 then charged with 30 psi CO. Meanwhile a solution 
at 20 ml dry DMF and 7.55 ml (54 mmol) NEt3 was cooled to 

tx> this was added 2.0g (43 irmol) of 99% formic acid. 
Uie-TOixtxire was swirled and added to the vented Fisher 
Porter tiibe. The reaction vessel was recharged to 40 psi 

30 of CO' and stirred 6 hoxirs @ room terrperature. The reaction 
mixture was concentrated in vacuo and partionned between 
100 Ml of ethyl acetate and 75 iriL 5% aq K2CO3 . The aqueous 
phase was washed with 1x40 mL additional ethyl acetate and 
then acidified with cone. HCl/ice. The aqueous phase was 

35 extracted with 2x70 mL of ethyl acetate and the organics 

were dried and cone, to yield 3.5g (75%) vdiite crystals, itp 
72-75''C, identified as the desired product (m/e=173 (M+H) . 



wo 93/23368 PCT/US93/04806 

119 

Part D: 

Preparation of methyl 2,2-diinethyl-3" 
methyl succinate, isomer #1. A steel hydrogenation vessel 
was charged with 510 mg (3.0 mmol) acrylic acid, from Part 
5 C, and 6 mg Ru (acac)2 (R-BINAP) in 10 ml degassed MeOH. 
The reaction was hydrogenated at 50 psi/room terrperatiire 
for 12 hours. The reaction was then filtered through 
celite and cone, to 500 mg clear oil which was shown to be 
a 93:7 mixture of isomer #1 and #2, respectively as 
ID determined by GC analysis using a 50 M E-cyclodextrin 
column: 150°C - 15 min. then rairp 2*^C/min, ; isomer #1, 
17.85 min., isomer #2, 18-20 min. 

Part E: 

15 Preparation of methyl 2,2-dimethyl-3- 

methylsuccinate. Isomer #2. A steel hydrogenation vessel 
was charged with 500 mg (2.9 mmol) acrylic acid. Part C, 
and 6 mg Ru(QAc) (acac) (S-BINAP) in 10 ml degassed MeOH. 
The reaction was hydrogenated at 50 psi/room tenperatxire 

20 for 10 hours. The reaction was filtered through celite and 
concentrated in vacuo to yield 490 mg of product as a 1:99 
mixture of isomers #1 and #2, respectively, as determined 
by chiral GC as above. 

25 In a similiar manner, one can use benzyl 2,2- 

dimetl^l-3-oxo-butanoate to prepare benzyl 2,2,3- 
trimethylsuccinate, R and S isomers. 



30 



Example 34 

Preparation of 3- F F f ( 1 . 1-dimethvlethvll aminol carbonvll - (3- 
methvlbutvl) aminol -2 (RV-hydroxv-l (S) - 
(phenvlmethvl ) propylamine , 1 , 



35 P^rt A : 

To a solution of 75. Og (0.226 mol) of N- 
benzyloxycarbonyl-L-phenylalanine chloromethyl ketone in a 
mixture of 807 mL of methanol and 807 mL of tetrahydrofuran 
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at -2°C, was added 13-17g (0.348 mol, 1.54 eguiv. ) of solid 
sodiim boroh^dride over one hmdred minutes . Hie solvents 
were removed xmder reduced pressure at 40°C and the residue 
dissolved in ethy^l acetate (approx. IL) . Hie solution was 
5 washed sequentially with IM potassium hydrogen sulfate, 
saturated sodium bicarbonate and then saturated sodium 
chloride solution. After drying over anhydrous magnesiimi 
sulfate and filtering, the solution was removed mder 
reduced pressinre. To the resulting oil was added hexane 

3D (approx. IL) and the mixture warmed to 60°C with swirling. 
After cooling to room tertperature, the solids were 
collected and washed with 2L of hexane. The resulting 
solid was recrystallized from hot eth^l acetate and hexane 
to afford 32. 3g (43% yield), of N-benzyloxycarbonyl-3 (S)- 

15 amino-l-chloro-4-phenyl-2(S)-butanol,. mp 150-151°C and 
M+Li+ =340. 

P^rt B: 

To a solution of 6.52g (0.116 mol, 1.2 eguiv.) of 
20 potassium tydroxide in 968 mL of absolute ethanol at room 

tennperature,. was added 32. 3g (0.097 mol) of N-CBZ-3 (S)-amino- 
l"Chloro-4-phenyl-2(S)-butanol. After stirring for fifteen 
minutes the solvent was removed under reduced pressure and the 
solids dissolved in methylene chloride. After washing with 
25 water, drying over magnesium svilfate, filtering and stripping, 
one obtains 27. 9g of a white solid. Recrystallization from 
hot etl^l acetate and hexane afforded 22. 3g (77% yield) of N- 
benzylo3Qrcarbonyl-3 ( S ) -amino-1 , 2 (S ) -epo3^-4-phenylbutane , irp 
102-103°C and MH+ 298. 

P^rt C : 

A solution of N-benzylojc^rcarbonyl 3 (S) -amino- 
l,2-(S}-epoxy-4-phenylbutane (30. Ig, 0.10 mol) and 165mL of 
isoanylamine in 150 :riL of isopropyl alcohol was heated to 
35 reflux for 2.5 hours. The solution was cooled to room 

tenperature, concentrated in. vacuo and then recrystallized. * 
The product was isolated by filtration and from etl^l 
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acetate/hexane io ^aff ord 31. 7g (81%) of N[3{S)- 
benzylQxycarfagpylfnTi-i 110-^2 (R) -hydroxy-4-phenylbutyl]N- 
isoairylamitift, 

5 P^rt D: 

A rfa rfciTrt-Trm of N [ 3 ( S ) -benzy loxycarbony laminO- 
2 (R) -hydrtaxy-^-jheryl butyl] , N-isoairylainine in 10 ml of 
tetrahydrpfuran was treated with tert-butylisocyanate (267 
mg, 2.70 inmol) at .room iterrperature for 5 minutes. The 

ID solvent was renoved .in .i^cuo and replaced with ethyl 

acetate. Tbe ^tliyl acetate solution was washed with 5% 
citric acid, water, and brine, dried over anhydrous MgS04, 
filtered and concentrated in vacuo to give 1.19g, 97% of N- 
benzy lo^ycarboajyl-S- { { HI , l-dimettylethyl) amino] - 

15 carbonyl] {3-TO!t?Ty31aityIjamino ] -2 ( R) -hydroxy-1 ( S ) - 
(pheaylmetfeyijjpasqEyJ^^ MH+ m/z = 470. 

A solution of (37»3g, 77 mmol) of product from 
20 Part D in TOO.inL of methanol was hydrogenated over 10% 
palladium-Gn-garbon for 4 hours to afford 26. Ig of the 
des ired piorlucL , 



25 



gbc^mple 35 

Preparation of Butanediamide. N- [3 - F F F (1 , 1- 
dimetfavlethvl) aminol carfaonvll (3-methvlbutvl) amino! -2- 
-hvdrnxv-l-(i3henvlmethvl)T)ronvn-, FIS-FIR*, 25*11-. 



30 .E^££^ - 

To a solution of 102mg (0.29 mmol) of Example 34 
Part E and 70 mg (0.89 mrrol) of pyridine in 2 mL of 
methylene chloride was added 29 mg (0.29 mmol) of succinic 
anhydride. After 2 hours, ethyl acetate was added and then 
35 extracted with saturated NaHCO. The aqueous layer was 
acidified, reextracted with ethyl acetate, washed with 
satxirated brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo to afford 78 mg (60%) of butanoic 
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acid, 4- [ [3- [ [ [ (1, l-dimet±yleth5rl) ainino] carbonyl] (3- 
itietl^rlbutyl) amino] -2-lwrlro3Qr-l- (pher^lmethyl ) propyl] amino- 
4-OXO-, [IS-CIR*, 2S*]-. 

5 Part B : 

his was activated with EDC and 
tydrojQrbenzotriazole in N,N--diinethYlfonnainide and then 
reacted with airmonia to generate the desired final 
coitpound. 

ID 

Example 36 

Part A : 

To a solution of 4.60g (24.7 mrrol) of trans-dietl^l 
15 l,2-cyclopropanedicarb05Qrlate in 100 mL of 50:50 v:v tetra- 
h^drofuran/water was added 1.24g (29-6 mmol) of lithium 
l^droxide. After 17 hoxnrs, the tetrah^drofiiran was removed in 
vacuo, the water layer washed with etl^l acetate, acidified 
with IN t^drochloric acid and reextracted with etha^l acetate. 
20 Ihe organic layer was dried and stripped to afford 2.1g of 
crude product. After recrystallization from diethyl 
ether/hexane and then methylene chloride/hexane one obtains 
l.lg (28%) of trans-monoethyl 1,2-cyclopropanedicarboxylate, 
m/e = 159 (M + H) . 

25 

P^rt B: 

To a solution of 297 mg (1.87 mmol) of trans- 
monoetbyl 1^2-cyclopropanedicarboxylate and 429 mg (2.8 
mmol) N-l^droxybenzotriazole (HOBT) in 3 mL of anl^drous 

30 N,N-dimethylformamide (DMF) at O'^C was added 394 mg (2.0 
mmol) of l-(3-dimetl:^laininopropyl)-3-ethylcarbodiimide 
l^rdtrochloride (EEX:) . After 30 min. a solution of 591 mg 
(1.7 mmol) of product from Part A in 2 mL DMF. and 171 mg 
(1.69 mnol) of N-metl^lmorpholine (NMM) was added. After 2 

35 hours at 0°C, the reaction was stirred at RT overnight, 
poured into water, extracted with ethyl acetate, washed 
with water, 5% aq. citric acid, sat'd NaHC03/ brine, dried 
over anhydride MgS04 and stripped to afford 771 mg of crude 



wo 93/23368 



123 



PCr/yS93/04806 



product. This was chromatographed on silica gel using 5- 
20%"inethanol/meth7lene chloride to afford 670 mg (80%) of 
cyclopropane carboxylic acid, 2- [ [ [3- [ [ [ (l^l- 
dimethyletl^l) amino] carbonyl] (B-methylbutyl) amino] -2- 
5 hydroxy-l- (phenylmetliyl ) propyl ] aitiino] carbonyl ] - , ethyl 
ester; m/e = 490 (M + H) . 

Part C: 

To a solution of 658 mg (1,32 inmol) of product 
10 from Part B in 5 mL of 50:50 THF/water was added 65 mg 

(1.58 mmol) of lithium Inydroxide. After 19 ho\irs, the THF 
was removed in vacuo, the water washed with ettyl acetate, 
acidified and reextracted with ethyl acetate. The organic 
layer was dried and stripped to afford 328 mg (54%) of the 
15 corresponding acid, m/e = 462 (M + H) , 

Part D : 

To a solution of 304 mg (0.66 mmol) of product 
from Part C, 151 mg (0.99 mmol) HOBT in 2.2 mL DMF at 0°C 

20 was added 139 mg (0.73 mmol) EDC. After 30 min. at O^C, 

1.1 inL of cone, aqueous ammonia was added. After stirring 
at 0°C for 2 hours and RT for 20 hours, the reaction was 
poured into brine and extracted with etl^l acetate. After 
washing with sat'd NaHCOs, brine, drying and stripping, one 

25 obtains 141 mg of crude product. This was chromatographed 
on silica gel with 1-5% methanol/metliylene dilpride to 
afford 40 mg (13%) of 

the desired final product, m/e = 561 (M + H) . 

30 

Exgmpl^ 37 

Preparation of trans -but-2-e nediamide, N- r3- F F F (1 , 1- 
dimethyl ethvl ) amino! carbonvl 1 ( 3-methvlbutvl ) amino! -2- 
35 hyclrpxy-X- (pngny3.methyl)propyn - , FIS- Flfi* r 2S*1 . 
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Part: A : 

To a solution of 137 mg (0.95 mmol) fxmaric acid 
monoetiqrl ester in 1 iriL of DMF at 0°C was added 183 mg 
(0.95 nanol) EDCl. After 15 minutes, a solution of 333 mg 
5 (0.95 rambl) of the. corrpound of Example 34 Part E in 1 mL 
DMF ms added and the reaction stirred for 14 hours at RT. 
Etl^l acetate was added and extracted with sat'd brine, 0.2 
n HCl, sat'd NaHC03, dried and stripped to afford 0.32g of 
crude product. Qiromatography on silica gel using. 0-50% 
ID ethyl acetate/hexane afforded 0.26g (58%) of but-2-enoic 
acid, 4- [ [3- [ [ [ (1. l-dimetii^lethYD amino] carbonyl] (3- 
methylbutyl) amino] -2-hYdroxy-l- (pherorlmethyl) propyl] amino] - 
4-OXO-, [15-[1R*, 2S*]]-^ ethyl ester, m/e = 476 (M + H) . 

15 Part B: 

To a solution of 26.6 mg (0.56 mmol) of product 
from Part A in 3 mL of 50:50 THF/water was added 34 mg 
(0.82 mnol) of lithium hydroxide and the reaction stirred 
at RT for 1 hour. The TEIF was removed in vacuo, the 

20 aqueous layer acidified with IN HCl and extracted with 
ethyl acetate. The organic layer was washed with brine, 
dried and'stripped to afford 233 mg (93%) of trans-but-2"- 
enoic acid, 4- [ [3- [ [ [ (1 A-dimethylethyl) amino] carbonyl] (3- 
methylbutyl7.aitiino] -2-lTirdroxy-l- (phenylmethyl) propyl] amino] - 

25 4-OXO-, [1S-[1R*, 2S*]-, m/e = 448 (M + H) . 

To a solution of 225 mg (0.50 mmol) of the 
product from Part B in 1 mL of DMF was added 95 mg (0.50 
30 mmol) EDC. After 15 minutes at RT, 0.50 iriL of cone. 

aqueous ammonia was. added and the reaction stirred for 15 
hours. Etl^^l acetate was added and washed with 0.2N HCl, 
brine, dried and stripped to afford 170 mg of crude 
product. After chromatograpl^ on silica gel using 0-40% 
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jnethanol/iaethylene chloride, one obtains 50 mg (22%) of 
trans -but-3 -enediamide , N- [3 - [ [ [ ( 1 , 1- 
diinethylethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
liirdroxi^-l-{p]ienylmethyl) propyl]-, [1S-[1R*, 2S*]-,.m/e = 
447 (M + H) . 

Example 38 

Preparation of butanediamide, KF- [3- F F F fl , 1- 
diinethvlethvl) aminol carbonvll f3-methvrlb utvl) aminol -2- 
hyaroxy-l^ (phenvlmethvl)propvl-2-methvl- , FIS- FIR* (25*) . 

To a suspension of 24. 7g (0.22 mol) of itaconic 
aBbydritie .J.n 100 mL of anhydrous toluene at reflux under a 
nitrogen :atinosphere was added dropvd.se over 30 minutes 
23v9g <0.22 irol) of benzyl alcohol. *Ilie insoluble material 
dissolve to provide a homogeneous solution wliich was 
refluxed for 1.5 hours. The solution was cooled to RT, 
then in .an. ice bath and the resulting white precipitate 
collected. ;iy filtration to afford 24. 8g (51%) of 4-ben2yl 
itaconate. . . 

B; 

To a solution of 2.13g (9.5 mmol) of the product 
from Part A in 12 mL of methylene chloride at O^^C was added 
4.02g (29.1 mmol) of para-methoxybenzyl alcohol, 605 mg 
(4.95 mmol) of N,N-dimetli7l 4-aminopyridine, 128 mg of N,N- 
dimetl^l 4-aminopyridine lydrocliloride salt and then 2.02g 
(4.7 mmol) dicyclohexylcarbodiimide (DCC) . After stirring 
at 0**C for 1 hour and then RT for 2 hours, the precipitate 
was collected and discarded. The filtrate was washed with 
0,5 N HCl, sat'd NaHCCs, dried and stripped to afford 4.76g 
of crude product. This was chromatographed on silica gel 
using 0-50% ethyl acetate /hexane to afford 1.24g of pure 
4 • -methox/ben2yl-4"ben2ylitaconate. 
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A solution of 1.24g (3.65 mctol) of produc t from 
Part B and 20 of I (R<R) -Dipaap) cyclooctadietyl rtoiixim] 
. t etrafluoro bor ate in 30 iriL of methanol was throusJily 
5 degassed, flowed with nitrogen and then ha^drogen and then 
stirred under 50 psig of hYdrogea-for 15 hoiu:s^ 3hB 
solution was filtered and stripped, dissolved in nethj^lene 
chloride and washed with sat ' d NaHCOs , dried and stripped 
to afford 0.99g of a brown oil. Hiis was then dissolved in 

ID 40 mL of metiiirlene c±aoride, 3 itiL of trifluoroac^tic acid 
added and the solution stirred at .RT for 3.5 hours. Water 
was added and s^arated and the organic layer ex t r acted 
with :sat *d:MiaHGQ3 . Ihe aqueous layer was acidi£i«i and 
reextracted with ethyl acetate, s^arated and the organic 

15 layers-washed lioitli brine, -dried -and stripped to;^ford 320 
jng (50%) of 2 (R) --metiyl-4-benzylsuccinic acid. 



Part D r 

Td a solution of 320 ng- (1.44 inmol) of product 
20 from Part C and 314 mg" (2.05 inmol) HOST in DMF at O^C was 
added 303 wg; (1.58 inmol) of EDC. ..After stirring -for 30 
minutes, a solution of 467 mg (1.34 mmol) of the product 
from Example 34, Part E in 4 mL of I^MF was added. After 
stirriag.,for 1 hour at O^C and 14 hoiirs at RT, ethyl 
25 acetate was added and washed with sat* d NaHCOs, 5% aqueous 
citric acid, dried and stripped to afford 0.97g of crude 
product. *33iis was dhromatographed on silica gel using 
:0-10% ethyl acetate/hexane to afford 420 mg of pure. 
butanoic acid, .4- [ [3- [ I [ (1, 1-dimethylethyl ) aminoj - 
30 carbony-l] (3-inethylbutyl)aitiino]-2-]^ 

(phei^lmettyl) propyl] ami no] -3-metlisrl-4-oxo-, {IS-IIR* (3S*) , 
2S*]-, iDenzyl ester. 

P^rt E: 

35 A solution of 150 mg (0.27 icrool) of prtxauct from 

Part D in 15 mL of methanol was hydrogenated over 10% 
palladium on carbon under 50 psig hydrogen for 17 hours. 
The reaction was filtered and stripped to afford 125 mg 
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(10.0%) of butanoic acid, 4- [ [3- [ [ [ (1,1- 
diiaethyleth/l ) amino] carbonyl ] ( 3 -methylbutyl ) amino] -2 - 
iiydrx2xy-l- (plaenylmetliyl ) propyl ] amino] -3-methyl-4-oxo- , [ IS- 
[1R*{3S*), 2S*]-. 

5 

To a solution of 125 mg (0.27 mmol) of product 
from Part E and 65 mg (0,42 mmol) of HOBT in 5 mL of DMF at 
0**C -was added 59 mg (0.31 mmol) of EDC. After 30 min. at 

ID O^G, 1 mL of cone, aqueous ammonia was added. After 
stirring at 0°C for 2 liours and RT fro 15 tiours, etl^l 
acetate was added and wastied with sat'd NaHCOs, 5% aqueous 
citric acid, dried and stripped to afford 90 mg of crude 
product. Ihis was recrystallized from etl^l acetate/liexane 

15 to.:^afford 40 mg (32%) of pure butanediamide, N- [3- [ [ [ (1, 1- 
daaHBtir^le thy 1 ) amino ] carlDony 1 ] ( 3 -me tiry Ibuty 1 ) amino ] -2 - 
l:ydraxy-l- (phenylmetliyl) propyl] -2-metlT^l, [IS- [IR* (2S*) , 
2S*J-. 

20 Example 39 

Preparation of butanediamide, N- f3- F f f fl, 1- 
dimethvlethvl) aminol carbonvll (3-methv-lbutvl) amino! -2- 
^TS^qwX-(phenvlmgthyl)prQpyl1-2-methyl, [IS- flR* (2R*) , 
25 25*T-. 

A : 

A solution of 1.41g (4.1 mmol) of 4'- 
metho5^ben2yl 4-benzylitaconate and 25 mg of [{S,S- 

30 Dipamp)cyclooctadienylrhodium] tetrafluorolx)rate in 20 mL of 
methanol ^s thoroughly degassed, flushed with nitrogen and 
then hydrogen and then stirred under 40 psig iiydrogen for 
72 hours. The solution was filtered and concentrated to 
provide 1.34g of a brown oil. This was dissolved in 40 mL 

35- of metliylene chloride and 3 mL of trif luoroacetic acid was 
added. After stirring for 4 hoxirs, water was added, 
separated and the organic layer extracted with sat'd 
NaHC03. Ihe aqueous layer was separated, reacidified, 
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extracted vTith ethyl acetate vdiich was separated, washed 
with brine, dried and stripped to afford 440 mg of 2(S)- 
inetl:yl-4-beazylsuccinic acid. 

5 Part B : 

To a solution of 440 ing - {1.98 inmol) of the 
product from Part A and 437 mg (2.86 nsnol) of HoBT in 9 iciL 
of EMF at 0°C was added 427 mg (2.23 inmol) of EDCl. After 
30 minutes at 0°C, a solution of €53 (1.87 mmol) of the 

ID product from Exairple 34, Part E in 3 mL DMF was added. 

After 1 hoMT at 0°C and 15 hours at iCT, etl^l acetate was 
added, extracted with sat'd NaBDOB^ 5% aqueous citric acid, 
dried and concentrated to affccd 0.98g of crude product. 
Chroinatograpl:^^ on silica gel uS3Tig -D-10% eti^rl acetate 

25 afforded 610 mg (59%) of piire initaiioic acid, 4-[[3-[[ [{1,1- 
dimeth^lethyl) -aminoj carbonyl] .(3r;metiylbutyl) amino] -2- 
hirdraxy-l- (phenylmethyl ) propyl] amino] -3-metl:^l-4-oxo- , [IS- 
:(1R*X3R*) , 2S*] , ben2yl ester. „ 

20 Part C : ^ 

-A solution of 310 Tcg (0-:56 ranol) of the product 
from Part B in 20 rnL of methanol; was tYdrogenated over 20 
mg of 10% palladium on carbon under 50 psig hydrogen for 19 
hours . The solution- was filtered and concentrated to 
25 afford 220 mg (85%) of butanoic acid, 4-[ [3- [ [ [ (1,1- 
dimethylethiri) -amino] carbonyl] O^methylbutyl) amino] -2- 
hydroxy-1- (phenylmetlgrl) propyllandno] -3-met]nyl-4-oxo- , [IS- 
[1R*(3R*), 2S*]. 

30 Part D : 

To a solution of 190 wg .{0.41 mmol) of the 
product from Part C and 90 mg (O-SB unnol) HOBT in 5 mL of 
DMF at 0°C, was added 88 ng (0^46 ismol) of EDC. After 30 
minutes at. 0°C, 2 mL of cone, aqueous ammonia was added. 
35 After 1 hour at 0°C and 15 hours at ST, ethyl acetate was 
added, washed with sat'd NaHCX>3, 5% aqueous citric acid, 
dried and concentrated to afford crude product. 
Recrystallization from ethyl acetate/hexane afforded 20 mg 
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(11%) of butanediamide, N- [3- [ [ [ (1, 1- 
dimethylet±yl) amino J carbonyl] {3-inet±Ylbutyl) amino] -2- 
hydroxy-l- (phenylmetl^l) propyl] -2-metlnyl/ [IS- [IR* (2R*) , 
2S*] . 

5 

Example 40 

Preparation o f butanediamide, N- fS- F F T (1. 
dimethvlethvl ) amino 1 carbonvl 1 ( 3 -methylbutvl ) amino 1 - 2 - 
ID hvdrox^r-l-(phenvlmethvl)propvl1-3-methvl-, [IS- FIR* (3S*) . 



Part A: 

In a similar manner to the procedure used above, 
15 p-methojq(^ben2yl alcohol was reacted with itaconic anhydride 
in refluxing toluene to provide 4-{p- 
methox/benzyl ) itaconate . 

Part B : 

20 To a solution of 3.30g (13.2 mmol) of the 

product from Part A in 17 mL of toluene, was added 2.08g 
(13.7 mmol) of l,8-diazabicyclo[5.40]undec-7-enc and then 
2.35g (13.7 mmol) of lDen2yl bromide. After 2 liours, the 
solution was filtered and the filtrate washed with sat*d 

25 NaHC03, 3N HCl, brine, dried and concentrated to afford 

3.12g of an oil. After chromatography on silica gel using 
0-5% ethyl acetate/hexane one obtains 2.19g (49%) of benzyl 
4- (4-metho5^ben2yl) itaconate. 

30 Part C : 

A solution of 1.22g (3,6 mmol) of product from 
Part B and 150 mg of [ ( (R,R-Dipamp) ) 
cyclooctadienylrhodium] tetrafluoroborate in 15 iriL of 
methanol was thoroughly degassed, flushed with nitrogen and 
35 then hydrogen and Inydrogenated under 50 psig for 15 hours. 
The solution was filtered and concentrated to afford 1.2g 
of a brown oil. This was dissolved in 5 mL of methylene 
cM-oride and 5 mL of toluene and 3 mL of trifluoroacetic 
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acid was arMefl- After 4 hours, the solvents were removed 
in vaaao, t^.-xesidue dissolved in methylene chloride, 
whicb was then :ext3cact€d with sat'd NaHC03, After 

separatican, the agueous layer was acidified, reextracted ^. 
5 with metiylene chloride viiich was then dried and 

concentratai to af fcsrd 470 mg (60%) of 3 (R) -methyl-4- 
benzylsucci ti5 c aciJi. 

Part D: 

ID TD;a :soliation of 470 mg (2.11 mmol) of product 

from Part C and 463 jsg (3.03 mg) of HOBT in 5 mL of DMF at 
0°C was added 451 (2.35 irmol) of EDC. After 30 min. at 
0°C, a solution of 728 mg (2.08 mmol) of the product from 
Exanple 34^ .:Bart E,in 3 inL of DMF was added. After 

15 stirring-at 0^ fcnr I'^iir and 15 hours at RT, ethyl 
acetate ^^-^acaed -and extracted with sat'd NaHC03, 5% 
acpBGnis attric'acidf brine, dried and concentrated to give 
930 .ng of exude prbaxact. chromatography on silica gel using 
0-10% -etIsrJ. acetate/hexane one obtains 570 mg (50%) of 

20 butanoic r^rid^, 4-II3-I [ [ (1/ 1- 

dimetha^l^agil amiiioj cari^ O-methylbutyl) amino] -2- 
hyr^rroy-l - j ^shffyy ^Tnp^hyl ) propyl] amino] -2-metl:^l-4-oxo- , [IS- 
[IR* (2S*) ^ ^2S^-r ten^yl ester. 

25 Part E : 

Ihe product was h^drogenated in methanol using 
10% palladiim ron carbon mder 40 psig of li^drogen to afford 
butanoic acid;" 4-113--^ [ [ (1, l-dimetl?^rieth^l) amino] carbonyl] - 
(3-metl:ya33utyl) ain±no3-2-liYdro3^-l- 
30 (pheryliietl5a)prppyi].amino]-2-methyl-4-^^ [1S-[1R*(2S*) , ^ 
2S*]-. 

P^rt F : 

To a solution of 427 mg (0.92 mmol) of product 
35 from Part E and 210 mg (1.37 mmol) in 3 mL of DMF at 0°C 

was added 196 mg (1.02 mmol) of EDC. After 30 min. at 0^*0, 
2 mL of cone, aqueous ammonia was added. • After 1 hour at 
0°C and 15 hours at RT, ethyl acetate was added and then 
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extractei «ith sat'd NaHCOs, brine, dried and concentrated 
to.afford^crude product. Recrystallization from ethyl 
arartate/isCTane afforded 50 mg (12%) of butanediaiciide, N-[3- 
iHIil/ 1-dinetJiyleth/l ) amino] carbonyl] (3-methylbutyl) amino] - 
5 2 -Ir/drosy-l" (plienylmetliyl ) propyl ] -3 -metliyl- , [ IS- [ IR* ( 3 S* ) , 

2sn-. - 

Example 41 

ID Prgparatio n of butanediamide , N- T 3 - f f T ( 1 . 1- 

rS^TTnp^hYlf>t:far1 ^ aminnl narbonvll f3-methvlbutvl) aminol -2- 
h^rdrow-l- {phenvljmethvl)nroTj^;-11 -3-methvl - . ri5- riR* r3R* ) . 
25*1-. 

niiis was prepared in an identical manner to tlie 
15 previous eramnple except tliat the asymmetric Inydrogenation 
step was .i3afnf in the presence of [{(S,S- 
dipaitp) cydooctadienyl) rhodixmi] -tetraf luorolDorate as 
catalyst. 

20 Exgirplg 42 

Preparatim of butanediamide, N- r3- T T f (1 , 1- 
dime thvletly 1 ) amino 1 carbonyl 1 f 3 -me thvlbuty 1 ) amino 1 - 2 - 
hvdroxv^-l-(ohenvlmethvl)oropvl1-. [IS- flR* (2S*. 3R*) , 
25 2S*n. and flfi-riR*f2R*, 35*). 25*1 K 

Part A: 

To a solution of 853 mg (5.91 mmol) of meso-2,3- 
dimethylsuccinic acid in 7 roL of DMF at RT was added 1.13g 

30 (5.91 mmol) of EDC. After 15 minutes, a solution of 2.07g 
(5.91 mmol) of the product from Example 34, Part E and 1.4 
mL of pyridine in 7 mL of anliydrous metliylene cliloride was 
added. After 11 hours, ethyl acetate was added and washed 
with 0.2N HCl, brine, dried and concentrated to afford 

35 2.73g (97%) of a 1:1 mixture of diastereomeric acids. 
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part: B: 

To a solution of 1.45g (3.04 inmol) of the 1:1 
mixture from Part A and 613 mg (4,51 inmol) of HOST in 10 iciL 
of DMF at 0°C was added 635 mg (3.31 mmol) of EDC. After 
5 30 minutes at 0°C, 5 mL of cone, aqueous ammonia was added. 
After 1 hour at 0°C and 14 hours at RT, eth^l acetate was 
added, washed with 0.2U KCl, sat'd NaHC03/ brine, dried and 
concentrated to afford 0.64g (44%) of a 1:1 mixture of 
amides. 

ID 

Ihese were separated on a Whatman 10 micron 
partisil column using 8%-14% isopropanol/ -methylene 
chloride. The first isomer to elute was identified as 
butanediamide, N-[3-[[[(l,l- 
15 dimethYlethyl) amino] carbonyl] (3-mett^Ibutyl) amino] -2- 

hydro3<y-l-(phenylmetlQrl) propyl]-, [1S-[1R*(2R*, 3S*) , 2S*] , 
m/e/ = 477 (M + H) . 

The second isomer to elute was identified as 
20 butanediamide, N-[3"[[[(l,l-diirethyletliyl) amino] - 
carbonyl] {3-metlnylbutyl) amino] -2-hydro3y-l- 
(pherylmettiyDpropyl]-, [IS- tlR*(2S*, 3R*),.2S*], m/e = 477 
(M + H) . 

25 Example 43 

Preparation of pentanediamide . N- \3-\\l (1,1- 
dimeth\rletfa^l) a mino! carbonvll (3-meth\rlbutvl) aminol -2- 
h^^droxv-1- (phenylmethy-l ) propvl-3 , 3-di methv-l- . FIS- FIR* , 
30 2S*1 . 

P^rt A: 

To a solution of 232 mg (0.66 mrrol) of the 
product from Example 34,. Part E and 98 mg (1.2 mcnol) of 
35 pyridine in*2 mL of methylene chloride was added 95 mg 

(0.66 mrrol) of 3,3-dimethylglutaric anlydride at RT. After 
15 hours, eth;yl acetate was added, washed with IN HCl, 
brine, dried and concentrated to afford 261 mg of crude 
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product. Chromatography on silica gel using 5-20% 
methanol /methylene chloride afforded 108 rt^ of acid, m/e = 
492 (M + H) . 

5 Part B: 

To a solution of 92 mg (0.19 mmol) of product 
from Part A and 38 mg (0.28 mmol) HOBT in 0.5 mL DMF at 0°C 
was added 36 mg (0,19 mmol) of EDC. After 30 minutes at 
O^C, 0.25 mL of cone, aqueous ammonia was added. After 1 

ID hour at 0°C and 16 hours at RT, ethyl acetate was added, 
washed with 0.2N HCl, sat'd NaHC03, brine, dried and 
concentrated to afford 72 mg of crude product. This was 
passed through a one-inch column of basic alvimina with 10% 
methanol/methylene chloride to afford 53 mg of desired 

35 product, m/e = 491 (M + H) . 

Example 44 

Preparation of butanediamid e. N- r3- f T T (1. 1- 
20 dimethvlethvl) amino ! carbonvll (3-methvlbutvl) amino! -2- 

hvdrow-l- (phenvlmethvl)pro pvll -2 , 3-dimethvl- FIS- riR* (2R* , 
3S*) . 25^11 (Isomer #1) and 

Preparation of butanedi amid e , N- [3- U \ 11,1- 
25 dimethvlethv-1) amino! carbonvll (3-methylbutvl ) aminol -2- 

hvdrow-1- (phenvlmethvl)proDvll -2 , 3-dimeths^l- FIS- FIR* (2R* , 
^f^*). 2.q*n (Isomer #2). 

Part A : 

30 To a solution of 1.47g (4.20 mmol) of the 

product from Exaitple 34, Part E and 1.4 mL of pyridine in 9 
mL of methylene chloride at RT was added 538 mg (4.20 mmol) 
of 2,2-dimethylsuccinic anhydride. After 15 hours, ethyl 
acetate was added and washed with 0.2N HCl, brine, dried 

35 and concentrated to afford 1.87g of crude product (approx. 
3:1 mixture of isomers). 
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Part B : 

To a solution of 1.85g (3-9 iimol) of crude 
product from Part A and 887 ing (5.8 inmol) of HOBT in 10 inL 
of DMF at 0°C vTas added 809 ing (4.2 ramol) EDC. After 30 
5 ininutes at 0°C, 6 mL of cone, aqueous ammonia was added. 
After 1 hour at 0°C and 15 hours at RT, eths^i acetate was 
added, washed with 0.2N HCl, safd NaHC03/ brine, dried 
and concentrated to afford 923 mg of crude product. Hie 
two isomers were separated on a Whatman Partisil 5 colimn 
ID using 8-14% isopropanol/methylene chloride. The major 
isomer was identified as Isomer #1, m/e = 477 (M -h H) . 



15 



The minor isomer was identified as Isomer #2, 
m/e = 477 (M + H) . 

Example 45 



This exaxrple illustrates the procedure utilized 
to prepare coitpoimds viierein the stereochemistry about the 
20 l^drojyl group is (S) . 

Part A : 

A solution of 3(S)-(l,l-dimethylethox/carbonyl)- 
amino-1,2- (R) -epoxy-4-phe]nylbutane (l.OOg, 3.80 itmol) and 

25 isobutylamine (5.55g, 76 mmol, 20 eqaiv.) in 10 iriL of 
isopropyl alcohol was warmed to 60°C for 1 hour. The 
solution was cooled to room teitperature and concentrated in 
vacuo and the residue recrystallized from hexane/meth^lene 
chloride to give 0.93g, 73% of [2{S), 3 (S) ]-N-[ [ [3-[ (1,1- 

30 dimethylethyl) carbamoyl] amino] 1 -2-l^droxy-4-phenylbutyl] N- 
[{3-methylbutyl)] amine, mp 91.3 - 93.0°C* 

Part B : 

The product from Part A (46.3mg, 0.14 mmol) was 
35 dissolved in a mixture of 5 mL of tetralydrofuran and 2 mL 
of metl^lene chloride and treated with tSEt-butylisocyanate 
(136. 4mg, 1.376 mctol) via syringe. The solution was 
stirred at room tenperature for 0.5 hovir and then the 
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solvent was removed in vacuo. The product, TLC on Si02, 
1:1 hexane: etir/l acetate had Rf = 0.74 and was used 
directly in the next step without further purification. 

5 Part C: 

The crude product from Part B was taken up in 10 
mL of 4N hydrochloric acid in dioxane and stirred at room 
tertperature for 0.25 hours. The solvent and excess 
hydrochloric acid was removed in vacuo whereupon the 
10 product crystallized. The solid was isolated by filtration 
washed with acetone and dried in vacuo to 3-[[(l,l- 
dimethylethyl) amino] carbonyl] (2-methylpropyl) amino-2 CS) - 
hydroxy-1 { S ) - (phenylmethyl ) propylamine hydrochloride.. 

15 Part D: 

A solution of N-Cbz-L-asparagine (225, 5mg, 0.847 
mmol) and H-hydroxybenzotriazole (182. tog, 1.21 mmol) was 
dissolved in 2 iriL of dimethyl formamide and cooled to 0°C 
and then treated with EDC (170. 2mg, 0.898 mmol) for 10 

20 minutes. This mixture was then treated with 3-[[(l,l" 
dimethylethyl) amino] carbonyl] (2-methylpropyl) amino-2 (S) - 
hydroxy-1 ( S ) - (phenylmetlii^l ) propylamine liydrocliloride . 
(300. Omg , 0.807 mmol ) followed by N-methylmorpholine 
OO.Omg, 0.888 mmol) via syringe. The solution was stirred 

S at room terrperature for 16 hours and then poured into 20 mL 
of rapidly stirring 60% saturated aqueous sodium 
bicarbonate solution whereupon a wliite precipitate formed. 
The solid was isolated hy filtration, washed with satiirated 
aqueous sodium bicarbonate solution, water, 5% aqueous 

30 citric acid solution, water and then dried in vacuo to give 
319mg, 68% of butanediamide, n1-[3- [ [ [ (l,l- 
dimethylet^lyl) amino] carboyl] (2-metl:vlpropyl) amino] -2 (S) - 
hydroxy-1 (S) - (phenylmetliyl) propyl] -2 (S) - 
[ (benzyloxycarbonyl) amino] mp 139-141'*C, MH+ m/z = 584. 



35 
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=3Ehe caEi5>ounds of tba preseat invention are 
effective BBA protease inhibitors. Utilizing an enzyme 
5 assay as described faelow/ the conpounds set forth in the 
exaitples iierein disclosed inhibi ted the HW enzyme. The 
preferred carcpounds of the present invention and their 
calculated (iiihibitiigr co^^ 50%, i.e., the 

conceatraticaai at ^vAiich the inhibi tor coirpound reduces 
ID enzyme activity by 50%) values are shown in Table 16. The 
enzyme loethod is described below. _Th siabstrate is 2- 
aminoben^l-Ile-Nle-Phe (p^5i02 ) -Gln-ArgNH2 ^ positive 
control is Myr-XOl (Miller, M. et al. Science, 2M/ 1149 
(1989) 3 ahe assay conditions -are as follows: 

15 " 

As^^a^affeTT 20 -nM solium ptosphate, pH 6.4 
^D% glycerol* 
1 irM EEOa 
1 nM DTT 

20 - 0.1% CmES ^ 

fl3ie above -descrilDed siibstrate is dissolved in 
DMSO, then diluted 10 fold -in assay buffer. Final 
substrate concentration in the- assay is 80 pM. 

25 

HW protease is diluted .in the assay buffer to a 
final enzyme concentration of 12.3 nanomolar, based on a 
molecular >7eight of 10,780- 

30 ,-The ^inal concerfliration of DMSO is 14% and the 

final concentration of glycerol is 18%* The test compound 
is dissolved in DMSO and diluted in DMSO to lOx the test 
concentration; lO^il of the enzyme preparation is added, the 
materials mixed and then the mixture is incubated at 

35 ambient terrperatxare for 15 ndnutes . *Ibe enzyme reaction is 
initiated ty the addition of 40|Xl of substrate. The 
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increase in fluorescence is monitored at 4 time points (0, 
8, 16 and 24 minutes) at ambient tertperature. Each assay 
is carried out in duplicate wells, 

5 

TABLE 16 



ID Compoxind IC50 (nianomolar) 



la) Butanediamide, n1- [3- [ [ [ (1, 1- 
dimetlylethc/l ) amino] carbonyl ] 
15 (2-methylpropyl) amino] -2-]nydroxy-l- 

(phenylmethyl) propyl] -2- [ (N-benzyl- 
oxycarbonyl) amino] [IS- [IR* (R*) , 
2S*]]- 35 

20 lb) Butanediamide, n1- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] 

{2-methylpropyl) amino] -2-l:r^dro5<y-l- 

(phenylmethyl) propyl] -2- [ (2- 

quinolinylcarbonyl ) amino] - , 
25 [IS- [IR* (R* ) , 2S*] ] - 7.1 

2a) Butanediamide, n1"[3-[[[(1,1- 

dime thy lethy 1 ) amino ] carbonyl ] ( 3 - 
methylbutyl ) amino] -2-hydroxy-l- 
30 (phenylmetlryl ) propyl ] -2 - [ (N- 

benzyloxycarbonyl j amino] , 

[1S-[1R*{R*),2S*]]- 13.4 

2b) Butanediamide, n1- [3- [ [ [ (1,1- 
35 dimethyl ethyl ) amino ] carbonyl ] ( 3 - 

methylbutyl) amino] "2-l:ydroxy-l- 
(phenylmethyl) propyl] -2- [ (2- 
quinolinylcarbonyl ) amino] - , 

[1S-[1R*{R*),2S*]]- 3.2 
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Coiflponiid IC50 (nanomolar) 



3a) Butanediainide, Ht-[3"[[[(1,1- 

diinet^gietlyijaiiianblcarboriYl] (2- 
10 naphtaiylmetiQrljaEQirioJ -2-h7droxy-l- 

(phecylmeth^l) prqpyl] -2- [ (N-benzyl- 
. ojQrcarixmyl) ainiiio] [IS- [IR* (R*) , 
2S*11- 31.0 

15 3b) ^BBttaiffiaianiide, I3?-[3- [ [ [ (1,1- 

f^TTnptffylgafVy l jamriT^rt] r^r-hnnyl ] (2- 
napht^ l -mfah-hyl ) ^mi rtn] -2-ll7drOXy-l- 

(paiea[]y^linet±yl)ptiX5^^ [ (2- 
quinbliiiy^lcarbCH5^ - , 

20 ns-im* {H*i 3- 2.9 

4a) Butanecaiainicte, [3-1 [ [ (1, 1- 

r3^Tng>^>^y^ Afhyl )amTnr)l carbonyll (2- 
phen^lethyl) amifio] -2-l^droxy-l- 
25 (pfaeirsflineth/DpropYl] -2- [ (N- 

benzyloxycarbonYl ) amino] - , 

[1S-[1R*{R*),2S*3]- 70 

4b) Butanediamide, Nl-[3-[[[{lrl- 
30 dimethyletlyPamino] carbonyl] 

(2-phenylethyiy amino] -2-l:Tydro3^-l- 
(phenylmetl^Dpropyl] -2- [ (2- 
quinolii]ylcarboiiyl ) amino] - , 

tlS-[lR*(R*),2S*]]- 10 
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TABLK 16 (Cont'd,) 



C oniponn cL 1^50 (nanomolar) 



5a) But anefli amide, n1"[3-[[[{1,1- 

dijnetlylethyl ) amino ] carbonyl ] (3,3- 
ID d 1 methylpropyl ) amino ] - 2 -hydroxy- 1 - 

• (phenylmethyl ) propyl] -2- [ (N- 
benzyloKycarbonyDamio] , 

[1S-[1R*(R*),2S*]]- 18 

15 5b) :^Butanefliamide, n1- [3- [ [ [ (1,1- 

"diitetiyiethy 1 ) amino ] carbony 1 ] (3,3- 
•:di,mgt±ylpropyl ) amino] -2 -hydroxy- 1 - 
j:(phaaylmetlTyl) propyl] -2- [ (2- 
quinoliiiylcarbonyl ) amino] - , 

20 [IS-flR* (R* ) , 2S*] ] - 3 ,7 

6) vPropanamide, N- [3- [ [ [ (l,l- 
•■diInet]lyletllyl) amino] carbony 1] 

( 3-methylbutyl ) amino] -2-lr^droxy-l- 
25 (phenylmethyDpropyl] -2-metl:yl-3- 

(metiylsulfonyl) -, [IS- [IR* (R*) , 
2S*]]-- 29 

7 ) Propanamide , 3 - ( acetylamino ) -N- [ 3 - 

30 [ [ [ (11 , -dimetlxyletliyl ) amino] carJDonyl] 

C3-inethylbutyl ) amino] -2-]iydro5Q^-l- 
(phenylmetliyl ) propyl] -2-mettiyl- , 
[1S-[1R*(S*),2S*]]- . 100 

35 8) Propanamide, 3- (4-methoxybenzyloxy- 
carbonyl) amino-N- [3- [ [ [ (11, -dimetlryl- 
etl:]yl) amino] carbony 1] (3-metlnylbutyl) 
amino] -2-liydroxy-l- (phenylmethyl) 
propyl] -2-metl:^l-, [1S-[1R* (S*) ,2S*] ]- 6 
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TABIiE 16 (Cont'd.) 



Compotmd IC50 (iianomolar) 



9) Butanediainide, N^-ll-hydn^-S-H^- 
f luorcphenylmethyl ) (1-pyrrolidinyl- 

ID carbonyl) amino] -1- Cpherylmetl^l ) 

propyl] -2- [ (2-qiiinolinylcarbonyl) 
ainino]-, [1S-[1R*(R*) ,2S*] ]- 7 

10) Batanediamide, n1-[3-[[ [(1,1- 

15 -diine3±yletlnyl ) amino ] carbbnyl ] { 3 - 

rinetlylfaatyl ) amino] -2-l:^dro3Q^-l- 
{piifinylmetl:^! ) propyl ] -2 , 3 ^ 3- 

trimeOiyl-, tlS-[lR*{2S*) ,2S*] ]- 12 

20 11) Butanoic acid, 4-[ [3- [[ [ (1,1- 
dimethylettyl ) amino] carbonyl] 
(3-TnetIylbutyl) ainino] -2-lnydroxy-l- 
(phenylmet±yl ) propyl] amino-2 , 2 , 
3-triinethyl-4-oxo-, [1S-[1R*(3S*) , 

'25 2S*]1- 8 

12) Butaneamide, 2- (acetylamino ) -N- 
t3"C I [ (1, 1-dimethyletliirl) amino] - 
carbonyl J (3-met]:^lbutyl)aniino] -2- 

30 liydrajQT-i- (phenylmet±yl ) propyl ] - 

3,3-dimett^l-, [1S-[1R*(R*) .2S*] ]- 18. 

13) Bataneamide, 2- [92,2- 
dimet±ylaminoacetyl) amino] -N- [3- 

35 1 1 1 ( 1 , l-dimethy-letlnyl ) amino] carbonyl] 

{3-methylbutyl) amino] -2-l:iydro3Q^-l- 
(plier^lmetl^l ) propyl] -3 , 3dimetliyl- , [IS- 
[IR*(R*),2S*]]- 10 
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effectiveness of the corrpoiinds listed in 
Table 9 were -detennined in the above- described enzyme assay 
5 and in a CEM cell assay. 

Uje HIV inhibition assay method of acutely 
infected cells is an automated tetrazolium based 
colorimetric assay essentially that reported by Pauwles et 

ID al, J. Virol. Methods 20, 309-321 (1988). Assays were 

performed in 96-well tissue culture plates. CEM cells, a 
CD4+ cell line, were grown in RFMI-1640 medium (Gibco) 
supplemented with a 10% fetal calf serum and were then 
treated with polybrene {2|ag/ml) . An 80 |Jl volume of medium 

15 confaining I x 104 cells was dispensed into each well of 
the tissue culture plate. To each well was added a lOO^il 
volvasB of test corrpoimd dissolved in tissue culture medium 
(or -medium without test corrpound as a control) to achieve 
the desirei final concentration and the cells were 

20 incubated at 37°C for 1 hour. A frozen culture of HIV-1 

was diluted in culture medium to a concentration of 5 x 10^ 
TCID50 ^ (TCID50 = the dose of virus that infects 50% 
of cells in tissue culture) , and a 20|iL volume of the virus 
sanple (cooitaining 1000 TCID50 of virus) was added to wells 

25 containing test corrpound and to wells containing only 

medium (infected control cells) . Several wells received 
culture medium without virus (uninfected control cells) . 
Likewise, the intrinsic toxicity of the test coirpound was 
detennined by adding medium without virus to several wells 

30 'containing .test compound. In simimary, the tissue culture 
plates contained the following experiments: 



wo 93/23368 PCrAJS93/04806 

142 



Cells Drug Virus 
5 



1- + 

2. . + + 

3. + - + 
OJO 4. + + + 



In e55)eriinents 2 and 4 the final concentrations of 
t^ coiqpoimds were 1, 10 , 100 and 500 \xg/ml. Either 
azidothyitddine (A2T) or dideoxyinosine (ddl) was included as a 
15 positive drug control. Test cortpounds were dissolved in DMSO 
and-^diluted into tissue culture medium so that the final DMSO 
concentration did not exceed 1.5% in any case. DMSO was added 
to .^Ll- control wells at an appropriate concentration. 

20 Following the addition of virus, cells were 

incubated at 37°C in a humidified, 5% CO2 atmosphere for 7 
da^. - Ttet corrpounds could be added on days 0, 2 and 5 if 
desired. On day 7, post-infection, the cells in each well 
were .resuspended and a lOOpl sample of each cell suspension 

25 was removed for assay. A 20^lL volume of a 5 mg/ml solution of 
3- (4, 5-dimetl:^lthiazol-2-yl) -2, 5-diphenyltetrazolitim bromide 
(MTT) was added to each lOOfiL cell suspension, and the cells 
wera incubated for 4 hours at 27°C in a 5% CO2 environment. 
During this incubation, MTT is metabolically reduced by living 

30 cells resulting in the production in the cell of. a colored 
foncazan product- Tb each saitple was added 100|Xl of 10% 
sodium dodecylsulfate in 0.01 N HCl to lyse the cells, and 
sanples were incubated overnight.. The absorbance at 590 nm 
was determined for each sairple using a Molecular Devices 

35 micrcplate reader. Absorbance values for each set of wells is 
carcpared to assess viral control infection, uninfected control 
cell response as well as test corrpoxmd by cytotoxicity and 
antiviral efficacy. 
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TABLE 17 



5 Coirpound IC50 EC50 TD50 

butanediamide N^tS- 
[ [ [n-butylamino] carbonyl] (2- 
methylpropyl) amino] -2-h7dro5<Y- 
10 1- (phenylmethyl ) propyl ] -2 - 
[ (phenylmethylcarbaitpyl ) 
amino], [IS- tlR*(R*), 2S*]] — • 940nM 

butanediamide n1[3- 
15 [ [ [ n-buty lamino ] carbony I ] ( 2 - 
metliylpropyl) amino] -2-hydroxy- 
1 - ( pher^lme thy 1 ) propyl ] -2 - 
[ (2-quinolinylcarlDoryl) amino] - 
[1S-[1R*(R*) , 2S*]]-,. 126nM 

20 

butanediamide n1[3- 
[ [ [ { 1 , l-dimetlnylettiyl ) amino] - 
carlDonyl ] { 2 -plienyletliyl ) amino] - 
2-]iydroxy-l- (plienylmetliyl) propyl] - 
25 2- [ (2-quinolinylcarbonyl) amino] 

[1S-[1R*{R*), 2S*]]". lOnM 28nM 13|JM 

butanediamide n1[3- 
[ [ [ (1, l-dimetliyletliyl) amino] - 
30 carbonyl] (2-methylpropyl)aminO" 

2-l^droxy-l- (plienylmettiyl) propyl] - 
2-[ (2"qui"nolinylcarbonyl)amino] 

[1S-[1R*(R*) , .2S*]]". 7rM lOnM e\M 



17|iM 170- 
ISOpM 



26nM 53|JM 
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'PABtiE 17 fCont'd.) 



5 Coirpound IC50 BC50 TD50 



butaneamide, 2- [92 , 2- 
dimettYlaininoacetyl ) amino ] -N- 
ID [3- [ [ [ (1, l-dimetharlethyl) 

amino] carbonyll (3-methylbutyl) 
amino] -2-l:ydroxy-l- (phenylmetlTyl) 
propyl] -3, S-dimetliyl-. [IS- 

[IR* (R*) ,2S*] ] lOrM 58iM tba 

15. 



Utilizing tlie procedxires set fortli above in tlie 
exairples along with tlie general description, it is 
20 conterrplated that the compounds listed below and those 

shown in Tables 18 and 19 could be prepared and tiiat such 
coitpoimds would have activities as HIV protease intiibitors 
substantially similar to the activities of the compoxmds 
set forth in the examples. 

25 

Butanediamide, n1-[3-[[[(1,1- 

dimetlw'letl^rl) amino] carboi^l] pentylamino] -2-l:iydro3^-l- 
(pher^^-lmetlnyl) propyl] -2- [ (2-quinolinylcarboiiyl ) amino] 
[1S-[1R*(R*),2S*]]- 

30 

• Butanediamide, n1-[3"[.[[(1,1" 

dimetlTyletliyl) amino] carlDonyl]he5Q^lamino] -2-li7drojQr-l- 
(pherr^lmetliyl) propyl] -2- [ (2-ciuinolinylcarboii^l) amino] 
[1S-[1R*(R*).2S*]}- 

35 

Propanamide, N-[3- [[[ (1,1- 

dimethylBthyl) amino] carbonyl]butylamino] -2-hydroxy-l- 
(pher^lmethyl) propyl] "2-metl:^l-3- (metliylsulf onyl) - , [IS- 
tlR*(R*), 2.S*]]- 
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Propanamide, N- [3- [ [ [ (1,1- 

dimethylethyl) ainino] carbonyl] (phenylmethyl) amino] -2- 
hydroj^-1" (phenylmethyl) propyl] -2-inethyl-3- 
5 (methylsulfonyl)-, [1S-[1R* (R*) , 2S*]]- 

Propanamide , N- [ 3 - [ [ [ ( 1 , l-dimetliy lethyl ) amino ] carbonyl ] ( 4- 
f luorophenylmetl^l ) amino ] - 2 -hydroxy- 1 - 
(phenylmetlyl ) propyl ] -2-methyl-3- (metlnylsulf onyl ) - , [IS- 
ID [1R*{R*), 2S*]]- 

Propanamide, N- [3- [ [ [ (1/ 1-dimethyletliyl) amino] carbonyl] (4- 
metho5<yphenylmethyl ) amino] -2-hy'droxy-l- 
(plienylmetliyl) propyl] -2-met]:^l-3- (metliylsulfonyl) - , [IS- 
IS [1R*(R*), 2S*]]- 

Propanamide, N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carlDonyl] (cyclohexylmethyl) amino] -2- 
hydro>y-l" (phenylmetliyl) propyl] "2-met]iyl-3- 
20 (metliylsulfonyl)-, [IS- [IR* (R*) , 2S*]]- 

Propanamide, N- [3- [ [ [ (1, 1-dimett^lethyl) amino] carlDOiiyl] (3- 
metliylbutyl ) amino] -2-liydroxy-l- (cyclohexylmethyl) propyl] -2- 
metliyl-3-(methylsulfonyl)-, [IS- [IR* (R*) , 2S*]]- 

25 

Butanediamide, n1- [2-hydrox7-3- [ {3-metlnylbutyl) (1- 
pyrrolidinylcarbonyl) amino] -1- (ptienylmetliyl) propyl] -2- [ (2- 
quinoliiiylcarbonyl) amino] - , [IS- [IR* (R*) , 2S*] ] - 

30 Butanediamide, n1- [2-hydroxy-3- [ {3-metlnylbutyl) (1- 

pyrrolidinylcarlDonyl) amino] -1- (4-f luoroplienylmetliyl) - 
propyl]-2- [ ( 2-quinolinylcarbonyl) amino] [IS- 
[1R*{R*),2S*-]]- 

35 Butanediamide, n1- [2-]iydrox/-3- [ (3-methylbutyl) (1- 

pyrrolidinylcarbonyl) amino] -1- (cyclohexylmetliyl) propyl] -2- 
[ (2-quinolinylcarbonyl ) amino] [IS- [IR* (R*) / 2S*] ] - 
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Butanediamide, Ni- [2-lydro3Q^-3- [ (phen^lmet±yl) (4- 
inorpholiris^Icarboriyl) amino] -1- (pheni^lmetl^l) propyl] -2-{ (2- 
qoinolirrylcarbon^l) amino] [IS- [IR* (R*) , 2S*] ] - 

5 Butanediamide, Nl-[2-hYclro3c^-3-[ (3-meth^lbutyl) (1- 

piperidiia^lcarbonYl) amino] -1- (ptien^lmethyl) propyl] -2- [ (2- 
quinolinylcarbor^l) amino] [1S-[1R* (R*) ,2S*] ]- 

Butanediamide, N"!- [2-l:Tydro5^-3-[ (phexQ^lmethyl) (l- 
ID piperidinylcarboriyl) amino] -1- (phenylmethyl) propyl] -2- [ (2- 
quinolirQrlcarbocyl) amino] - , [IS- [IR* (R*) , 2S*] ] - 

Butanediamide, N-[3-[i [df 1- 

dimetliylet±cyl) amino] carbonyl]butylamino] -2-l:iydro3^-l- 
15 {p]ienyl[netl^l)propyl]-2,3,3-trimetl5rl-, [is- 
[1R*(2S*),2S*]]- 

Batanediamide, N- [3- [ [ [ ( 1 , 1- 

dimett^letl^l) amino] carbonyl] (phenylmethyl) amino] -2- 
20 h^^droxy-l- (phenylmetlnyl) propyl] -2, 3 , S-trimetl^l-, [IS- 
[1R*(2S*),2S*]]- 

Butanediamide, N-[3-[[[(l,l- 

dimethyletbYl) amino] carbqrryl] (4-f luorophen^lmethyl) amino] - 
25 2-lydro5^-l- (phenylmetliyl) propyl] -2,3, 3-trimetliyl-, [IS- 
[1R*(2S*),2S*]]- 

Butanediamide, N-[3-[[[(l,l- 

dimethylett^l) amino] carbonyl] {cyclohejQrlmethyDamino] -2- 
30 liardroxy-l-- (plienylmethyl ) propyl ] -2 , 3 , 3 -trimetliyl- , [IS- 
[1R*(2S*),2S*]]- 

Butanediamide, N-[3-[[[(l,l- 

dimethylethyl) amino] carbonyl] (3-metl:]ylbutyl) amino] -2- 
35 l^droxy-l- ( cyclohexylmethyl ) propyl] -2,3, 3-trimethyl- , [13- 
[1R*(2S*) .2S*]]- 
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-Butonoic acid, 4-[ [3-[[ [d,!- 
.;3diinethylethyl) amino] carbonyl]butylainino] -2-hydroxy-l- 
^jaiienylmethyl) propyl] ainino-2 , 2 , 3-trimethyl-4-oxo- , [IS- 
[1R*{3S*),2S*]]- 

5 

Butanoic acid, 4- [ [3- [ [ [ (1, 1- 

dimetliyletlnyl ) amino] carbonyl ] (phenylmetliyl ) amino] -2- 
liydroxy-l- (phenylmetliyl) propyl] amino-2 , 2 , 3-trimetliyl-4- 
OXO-, [1S-[1R*(3S*),2S*]]- 

10 

Butanoic acid, 4- [ [3- [ [ [ (1, 1- 

dimethylethyl ) amino] carbonyl] (4-f luorophenylmethyl) amino] - 
2-hydroxy-l- (pheriylmethyl)propyl]amino-2,2, 3-trimethyl-4- 
oxo-, [1S-[1R*(3S*),2S*]]- 

15 

Butanoic acid, 4- [ [3- [ [ [ (1, 1- 

. dimetlQ^lethyl ) amino] carbonyl ] ( cyclohexylmetliyl ) amino] -2- 
"liydroxy-l- (phenylmethyl) propyl] amino-2 , 2 , 3-trimethyl-4- 
OXO-, [1S-[1R*(3S*),2S*]]- 

20 

Butaneamide, 

2- (acetylamino) -N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (3-metliylbutyl) amino] -2- 
hydroxy-1- (cyclohexylmetlyl) propyl] -3,3-dimetl:r^l-, [IS- 
25 [1R*(R*) ,2S*]]" 

Butaneamide, 

2- (acetylamino) -N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl ]butylamino] -2-hydroxy-l- 
30 (phenylmethyl) propyl] -3, 3 -dimethyl", [IS- [IR* (R*) ,2S*] ]- 

Butaneamide, 

2- (acetylamino) -N- [3- [ [ [ (1, 1- 

dimethyl ethyl) amino] carbonyl] (phenylmetliyl) amino] -2- 
35 t^droxy-l- (phenylmethyl) propyl] -3 , 3-dimetl^l- , [IS- 
[1R*(R*),2S*]]- 
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Butaneamide, 

2- (acetyl^ndno) -TSf-1>^n C^l, 1- 

diineti^l€Sa3S'l) aaiiiralcarbaas^ {cyclolaisxflcDettsyl) amino] -2- 
l5rcaro3cy--l- <phenirljiet±yl) propyl] -3, 3-diinet^ [IS- 
5 [1R*(R*),2S*]I- 

Butaneamide/ 

2- [ (2 , 2-diipetIy1 am nfyiretyl) amino] -N- [3- [ [ [ (1, 1- 
dimetlylet±yl)anuiiolcax3x3i^l} (3-ireths^IbutYl)aitdriol-2" 
ID h7dro3<y-l-(phei]^linetig^l)p2:oEYl] f^S- 
[1R*{R*),2S*]]- 

ButaneamidB, 

2- [ (2 , 2-diaEt335rlaffliimaoetyl) amino] -N- [3- [ [ [ (1/ 1- 
15 dimetJayleayllanrii^ {3-methylbutyl) amino] -2- 

hydro3<y-l-:(cyc3j^^ ) propyl] -3 , 3 -dimethyl- , [IS- 

[1R*(R*).2S*]3- 

Butaneamide, 

20 2- [ (2 , 2-d22nBt±ylaininoacetyl) amino] -N- [3- [ [ [ (1, 1- 

' dimetlr^rletiyllaiainolcaihor^ butylamino] -2-hydro3^-l- 
(pher^lmettsrl) propyl] -3 3-dm [1S-[1R*{R*) ,2S*]]- 

Butaneamide, 

25 2- [ (2, 2-dinet±ylamiiK:)acetyl) amino] -N- [3- [ [ [ (1, 1- 

dimeth^letiyl) amino] carbonyl] (phenylmeth^D amino] -2- 
l^dro>y-l-T:{phenylmetfa?i) propyl] -3 , 3-dimetl:^l- , t IS- 
[1R*(R*),2S*]]- 

30 Butaneamide, ^ 
2- [ (2 ,2-diitetlnylaminoacetyl) amino] -N- [3- [ [ [ (1, 1- 

dimetl:^let]:yl) amino] carbon/l]. {4-f luoroplieinylmethyl) amino] - . 
2-hydra3^-l- (phenylmethyl) propyl] -3 , 3-dimetlyl- , [IS- 
[1R*(R*:,2S*]]- 



35 
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Butaneamide, 

2- [ (2 , 2-diinetl^laininoacetyl) amino] -N- [3- ([[(1,1- 
diniethylet±yl) amino] carbonyl] (cyclohej^lmettyl ) amino] -2- 
hydro3qr-l- (pherr^lmethyl) propyl] -3, 3-dimet±!yl-, [IS- 
5 [1R*(R*),2S*]]- 



TABLE 18 



10 
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0 R2 

X X ^ 

OH 


0 

X 






R2 


R3 


15 








t"Buty 1 


Benzyl 
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i-bjutyi 


bGnzyi 


1 - A m y 1 




i-r ropy 1 


Denzyi 


1 -Mm y 1 




rropargyi 


Benzyl 


i- Amy 1 


20 


t-buty 1 


Benzyl 


1- Amy 1 




t-buty 1 


benzyl 


benzyl 




t-buty 1 


benzyl 


n-buty 1 




sec-Butyl 


benzyl 


i-Amy i 




C{CH3)2(SCH3) 


benzyl 


i-Amy 1 


25 


t-Butyl 


p-Fluorobenzyl 


p-Methoxybenzyl 




i-Butyl 


p-Fluorobenzyl 


i-Amyl 




i-Propyl 


p-Fluorobenzyl 


i-Amyl 




Propargyl 


p-Fluorobenzyl 


i-Amyl 




t-Butyl 


p-Fluorobenzyl 


i-Amyl 


30 


t-Butyl 


p-Fluorobenzyl 


Benzyl 




t-Butyl 


p-Fluorobenzyl 


n-Butyl 




sec-Butyl 


Benzyl 


i-Amyl 




C(CH3)2(SCH3) 


Benzyl 


i-Amyl 




t-Butyl 


Cyclohexylmethyi 


p-Fluorobenzyl 


35 


i-Butyl 


Cyclohexylmethyl 


i-Amyl 




i-Propyl 


Cyclohexylmethyi 


i-Amyl 




Propargyl 


Cyclohexylmethyl 


i-Amyl 
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TABLE 18 f Cont'd.) 



5 




R2 


R3 




t-ButvI 

I U L Y- i 


Cyclohexylmethyl 


i-Amyl 
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I D U L y 1 
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in 


t-Butvl 


Cyclohexylmethyl 


n-Butyl 




epn-RntvI 

www U U I J 1 


Cyclohexylmethyl 


i-Amyl 




C(CH3)2fSCH3) 


Cyclohexylmethyl 


I-Amyl 




t-Butvl 


n-Butyl 


Cyclohexylmethyl 




i-Butyl 


n-Butyl 


I-Amyl 


15 


i- Propyl 


n-Butyl 


i-Amyl 




Propargyl 


n-Butyl 


i-Amyl 




t-Butyl 


n-Butyl 


i-Amyl 




t-Butyl 


n-Butyl 


Benzyl 




t-Butyl 


n-Butyl 


n-Butyl 


20 


sec-Butyl 


n-Butyl 


i-Amyl 




C(CH3)2(SCH3) 


n-Butyl 


i-Amyl 
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TABLE 19 



5 




R1 R2 R3 



ID 



methyl 


methyl 


methyl 


benzyl 


methyl 


methyl 


hydroxymethyl 


methyl 


methyl 


1-hydroxyethyl 


methyl 


methyl 


hydrogen 


methyl 


ethyl 


hydrogen 


methyl 


benzyl 


hydrogen 


r2 + r3 = imidazole 





20 The cortpounds of the present invention are 

effective antiviral cortpounds and, in particular, are 
effective inhibitors of retroviruses, particularly, 
lentroviruses as shown above. Thus, the subject coitpounds 
are effective inhibitors of HIV. It is conterrplated that 

25 the subject coitpounds will also inhibit other strains of 
HIV, such as HIV-2 and other viruses such as, for exaitple, 
hurtan T-cell leukemia virus, feline leukemia virus, simiam 
irtmunodeficiency virus, respiratory syncitial virus, 
hepadnavirus, cytomegalovirus and picomavirus. Thus, the 

30 subject coitpounds are effective in the treatment and/ or 
proplylaxis of retroviral infections. 

Coitpounds of the present can possess one or more 
asyitmetric carbon atoms and are thus capable of existing in 
35 the form of optical isomers as well as in the form of 
racemic or nonraceraic mixtures thereof. The optical 
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isomers can be obtained hy resolution of the racemic 
mixtures according to conventional processes, for exairple 
b7 formation of diastereoisomeric salts b^ treatment with 
an optically active acid or base. Exairples of appropriate 
5 acids are tartaric, diacetyltartaric, dibenzqyltartaric, 
ditoluqyltartaric and cainphorsulfonic acid and then 
separation of the mixture of diastereoisomers by- 
crystallization followed fcy liberation of . the optically 
active bases from these salts. A different process for 

ID separation of optical isomers involves the use of a chiral 
chromatography column optimally chosen to maximize the 
separation of the enantiomers. Still another available 
method involves synthesis of covalent diastereoisomeric 
molecules by reacting corrpounds of Formula I with an 

15 optically pure acid in an activated form or an optically 
pure isocyanate. Hie synthesized diastereoisomers can be 
separated by conventional means such as chromatograpby, 
distillation, crystallization or sublimation, and then 
hydrolyzed to deliver the enantiomericaly pure coirpomd. 

20 The optically active compoimds of Formula I can likewise be 
obtained by utilizing optically active starting materials. 
These isomers may be in the form of a free acid, a free 
base/ an ester or a salt. 

25 The coirpounds of the present invention can be 

used in the form of salts derived from inorganic or organic 
acids. These salts include but are not limited to the 
following: acetate, adipate, alginate, citrate, aspartate, 
benzoate, benzenesulfonate, bisulfate, butyrate, 

30 cairphorate, cairphor sulfonate, digluconate, 

cyclopentanepropionate, dodecylsulfate, ethanesulfonate, 
glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, 
hexanoate, fxmarate, hydrochloride, hydrobromide, 
h^droiodide, 2-hydroxy-ethanesulfonate, lactate, maleate, 

35 methanesulfonate, nicotinate, 2-naphthalenesxilfonate, 
oxalate, palmoate, pectinate, persulfate, 3- 
phenylpropionate, picrate, pivalate, propionate, succinate, 
tartrate, thiocyanate, tosylate, mesylate and undecanoate. 
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Also, the basic nitrogen-containing groups can be 
quatemized with such agents as lower alkyl halides, such 
as methyl, ethyl, propyl, and butyl chloride, bromides, and 
iodides; dialkyl sulfates like dimethyl, dieth/1, dibutyl, 
5 and diaityl sulfates, long chain halides such as decyl, 
lauryl, myristyl and stearyl chlorides, bromides and 
iodides, aralkyl halides like benzyl and phenethyl 
bromides, and others. Water or oil-soluble or dispersible 
products are thereby obtained. 

ID 

Exairples of acids which may be errplcyed to form 
pharmaceutically acceptable acid addition salts include 
such inorganic acids as lydrochloric acid, sulphuric acid 
and phosphoric acid and such organic acids as oxalic acid, 
15 maleic acid, succinic acid and citric acid. Other examples 
include salts with alkali metals or alkaline earth metals, 
such as sodium, potassium, calcium or magnesium or with 
organic bases. 
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Total daily dose administered to a host in 
single or divided doses may be in amounts, for exartple, 
from 0.001 to 10 mg/kg bod/ weight daily and more usually 
0.01 to 1 mg. Dosage tmit conpositions may contain such 
5 anounts of suhmuatiples thereof to make up the daily dose. 

The amount of active ingredient that may be 
combined with the carrier materials to produce a single 
dosage form will vaiy depending upon the host treated and 
ID the particular mode of adniinistration. 

The dosage regimen for treating a disease 
condition with the compounds and/or ccnpositions of this 
invention is selected in accordance with a variety of 

35 factors, including the type, age, weight, sex, diet and 
medical condition of the patient, the severity of the 
disease, the route of administration, pharmacological 
considerations such as. the activity, efficacy, 
pharmacokinetic and toxicology profiles of the particular 

20 cortpound enployed, whether a drug delivery system is 

utilized and whether the . coirpound is administered as part 
of a drug conibinatian. Thxis, the dosage regimen actually 
enplcyed may vary widely and therefore may deviate from the 
preferred dosage regimen set forth above. 

25 

The conpounds of the present invention may be 
administered orally, parenterally, by inhalation spray, 
rectally, or topically in dosage unit fonnalations 
containing conventional nontoxic pharmaceutically 

30 acceptable carriers, adjuvants, and vehicles as desired. 
Topical administration may also involve the use of 
transdermal administration such as transdermal patches or 
iontophoresis devices. The term parenteral as used herein 
includes subcutaneous injections, intravenous, 

35 intramuscular, intrastemal injection, or infusion 
techniques. 
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Injectable preparations, for exairple, sterile 
injectable aqueous or oleaginous suspensions may be 
f onrrulated according to the known art using suitable 
dispersing or wetting agents and suspending agents. The 
5 sterile injectable preparation may also be a sterile 
injectable solution or suspension in a nontoxic 
parenterally acceptable diluent or solvent, for exairple, as 
a solution in 1, 3-butanediol. Among the acceptable 
vehicles and solvents that may be employed are water, 

ID Ringer's solution, and isotonic sodiim chloride solution. 
In addition, sterile, fixed oils are conventionally 
employed as a solvent or suspending medium. For this 
purpose any bland fixed oil may be employed including 
synthetic mono- or diglycerides . In addition, fatty acids 

15 such as oleic acid find use in the preparation of 
injectables. 

Suppositories for rectal administration of the 
drug can be pr^ared by mixing the drug with a suitable 
20 nonirritating excipient such as cocoa butter and 
polyethylene glycols which are solid at ordinary 
terrperatures but liquid, at the rectal terrperature and will 
therefore melt in the rectum and release the drug. 

2 Solid dosage forms for oral administration may 

include capsules, tablets, pills, powders, and granules. 
In such solid dosage forms, the active cortpo\md may be 
admixed with at least one inert diluent such as sucrose 
lactose or starch. Such dosage forms may also comprise, as 

30 in normal practice, additional sxabstances other than inert 
diluents,* e.g., lubricating agents such as magnesium 
stearate. In the case of capsules, tablets, and pills, the 
dosage forms may also comprise buffering agents. Tablets 

^ and pills can additionally be prepared with enteric 

35 coatings . 
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Liquid dosage forms for oral administration wsy 
include phannaceutically acceptable emulsions, solutions, 
suspensions, syrups, and elixirs containing inert diluents . 
commonly used in the art, such as water. Such conpositions 
5 may also corrprise adjuvants, such as wetting agents^ 
emulsifying and suspending agents,, and sweetening, 
flavoring, and perfuming agents. 

While the cortpounds of the invention can be 
ID administered as the sole active pharmaceutical agent, they 
can also be used in combination with one or more 
immunomodulators, antiviral agents or other antiinfective 
agents. For exanple, the corrpomds of the invention can be 
administered in combination with AZT or with N-butyl-1- 
15 deoxynojiriirycin for the prophylasis and/or treatment of 
AIDS. When administered as a corribination, the therapeutic 
agents can be formulated as separate cortpositions which are 
given at the same time, or different times, or the 
therapeutic agents can be given as a single coitposition. 

20 

The foregoing is merely illustrative of the 
invention and is not intended to limit the invention to the 
disclosed coirpoimds. Variations and changes which are 
obvious to one skilled in the art are intended to be within 
25 the scope and natiire of the invention vAiich are defined in 
the appended claims* 

From the foregoing description, one skilled in 
the art can easily ascertain the essential characteristics 
30 of this invention, and without departing from the spirit 
and scope thereof, can make various changes and 
modifications of the invention to adapt it to various 
usages and conditions. 
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WHAT IP CLAIMED Xg; 

1. A cortpound represented by the formula: 
R2 Y 




r6 oh R3 R4 



wherein A represents radicals represented by formulas: 



r21 Y' 




(A2) (A3) 

10 

wherein R represents hydrogen, alkoxycarbonyl/ 
aralkoxycarbonyl, alkylcarbonyl, cycloalkylcarboiQrl, 
cycloalkylalkoxycarbonyl , cycloalkylalkanqyl , alkanqyl , 
aralkanqyl , aroyl , aryloxycarbonyl , aryloxycarboro^lalkyl , 

15 aryloxyalkanqyl, heterocyclylcarbonyl, 

heterocyclyloxyqarbonyl , heterocyclylalkancyl , 
heterocyclylalkoj<ycarbonyl , heteroaralkoxycarbonyl , 
heteroaryloxycarbonyl, heteroarpyl, heteroaralkanqyl, alkyl, 
aryl, aralkyl, aryloxyalkyl , heteroaryloxyalkyl, 

20 hydroxyalkyl, aminocarbony 1 , aminoalkanoyl, and mono- and 
disubstituted aminocarboiiyl and mono- and disi±)stituted 
aminoalkancyl radicals wherein the substituents are selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
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heteroaryl^ heteroaralkyl, heterocycloalkyl, and 
heterocycloalkyalkyl radicals, or in the case of a 
disiabstituted aminoalkanqyl radical, said substituents along 
with the nitrogen atom to vftiich they are attached form a. > 
5 heterocyclyl or heteroaryl radical; 

R' represents lydrogen and radicals as defined for r3 or R 
and R' together with the nitrogen to which they are attached 
form a heterocycloalkyl or heteroaryl radical, or A is 

ID Al, R' represents hydrogen, radicals as defined for R^ and 
arakloxycarbonylalkyl and aminocarbonylall^l and 
aminocarbonyl radicals wherein said amino group may be mono- 
of disxibstituted with s\±)situents selected form alkyl, aryl, 
arallQ^l, cycloalkyl, cycloalkylallQ^l, heteroaryl, 

15 heteroaralkyi, heterocycloalkyl and heterocyclqalJcylalkirl 
radicals; 

t represents O or 1; 

20 r1 represents hydrogen, -CH2SO2NH2/ -CO2CH3, -CC3I2eCE3%, 
-COl!TCCH3)2, -CH2C(0)NHCH3, -CH2C{0)N(C2i3)2/ -CONEZ,. 
-C(CH3)2{SCH3) / -C{CH3)2 {S[0]CH3) , "C(ai3)2(S[OJCH3) , aLkyl, 
haloalkyl, alker^l, alkyriyl and cycloall^yl radicals and 
amino acid side chains selected from asparagine, S-meftyl 

25 cysteine and the corresponding sulfoxide and suifane>. 
derivatives thereof, glycine, leucine, isoleucine, allo- 
isoleucine, tert-leucine, phenylalanine, ornithine, alanine, 
histidine, norleucine, glutamine, valine, threonine:, i serine, 
aspartic acid, beta-cyano alanine, and allothreonine side 

30 chains; , 

r1' and r1" independently represent hydrogen and radicals 
as defined for Rl,or one of r1' and Ri", together with r1 
and the carbon atoms to which they are attached, represent 
35 a cycloaHqrl radical; 



wo 93/23368 



PCr/US93/04806 



159 

r2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl and 
aralkyl radicals optionally substituted with a group 
selected from -N02/ -Or9/. -SR9, and halogen radicals, 
wherein r9 represents hydrogen and alkyl radicals; 

5 

r3 represents alkyl, alkenyl, alkynyl, hydroxyal]<yl , 
alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl , 
heterbaryl, heterocycloalkylalkyl, aryl, aralkyl, 
heteroaralkyl, aminoalkyl and mono- and disubstituted 

ID aminoalkyl radicals, wherein said substituents are selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
het eroaryl , het eroaralky 1 , heterocycloalkyl , and 
heterocycloalkylalkyl radicals, or in the case of a 
disiabstituted aminoalkyl radical, said substituents along 

15 with the nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 

X' represents 0, N and C(r17) wherein r17 represents 
hydrogen and alkyl radicals; 

20 

Y, Y* and Y" independently represent 0 and S; 

r4 and r5 independently represent hydrogen and radicals as 
defined by r3/ or R^ and r5 together with the nitrogen atom 
25 to which they are bonded represent heterocycloalkyl and 
heteroaryl radicals; 

r6 represents hydrogen and alkyl radicals; 

30 r20, r21^ r30, r31 and r32 represent radicals as defined 
for r1, or one of r1 and r30 together with one of r31 and 
r32 and the carbon atoms to which they are attached form a 
cycloalkyl radical; or r30 and r32 together with the carbon 
atoms to viiich they are attached form a three to six- 

35 merribered cycloalkyl radical; and 
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r33 and r34 independently represent hydrogen and radicals 

as defined for r3, or r33 and r34 together with X* 

represent cycloalJ^l/ aryl, heterocyclyl and heteroaryl 

radicals, provided that when X' is O, r34 is absent. r 

5 . 

2. Coirpound represented by the fonmila: 

r r2 y 

R H OH R3 

ID wherein; R represents alkoxycarix^r^l, aralkoxycarbor^l, 
alkylcarbor^j^l , cycloalkylcarbonyl, 

cycloalkylalko><ycarbonyl, cycloalkylalkanoylr alkanoyl, 
cycloalkanoyl, cycloalkylalkanqyi, aralkancyl/ arqyl, 
aryloxycarbonyl, arylo3<ycarbonyIalkyl, aryloxyalkanoyl, 

15 heterocyclocarbonyl, heterocyclyLasycarboriyl, heterocyclyl, 
alkancyl, heterocyclylalkoxyc axlitmy l , heteroaraT tone yl , 
. heteroaralkoxycarbonyl, heteroaryloycarbonyl, heteroarcyl, 
alkyl, alkenyl, cycloaUQri, aryi, araikyl, ex^flcxx^^s^l, 
heteroaryloi^ralkyl, tiydro3<yaIkyi, aminocarborr?!, and 

20 aminoalkanoyl radicals, and itom^ and disubstitntedL 

aminQalkanoyl and mono- and dist±)Stituted aininocarbonyl 
radicals wherein the sijbstituenfcs are select^ froia alkyl, 
aryl, aralkyl, cycloalkyl, cycltoallQrIalkyI, Keteroaryl, 
heteroaialkyl, heteroalkyl, heterocycloalkylalkyl radicals, 

25 or where said aminoalkancyl radical is disiibstituted, said 
substitutents along with the nitrogen atom to v&ich they 
are attached, form a heterocycloalkyl or heteroaryl 

radical; « 

30 R* represents hydrogen and radicals as defined; for R3^„or R 
and R' together with the nitrogm to/ttfech-t&fiy are 
attached form a heterocycloaUgpL or hetero agpL radical;: 

r1 represents hydrogen, -CH2S02iffi2/ -C52CP2CHP|> -CO2CH3, * ; 
35 -CQNH2, -CH2C(0)NHCH3, -C(CH3>2lSCH3) , -C(CBBl2 {S [01CH3)v 
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{CH3 ) 2 ( S [0] 2CH3 ) , alkyl , haloall^^l , alkenyl , alkyrr/l and 
cycloalkyl radicals, and amino acid side chains selected 
from asparagine, S-methyl cysteine and the sulfoxide (SO) 
and sulfone {SO2) derivatives thereof, isoleucine, 
5 allo-isoleucine, alanine, leucine, tert-leucine, 

phenylalanine, ornithine, histidine, norleucine, glutamine, 
threonine, glycine, alio- threonine, serine, aspartic acid, 
beta-cyano alanine and valine side chains; 

ID r1' and r1" independently represent hydrogen and radicals 
as defined for r1; 

r2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl , 
and aralkyl radicals, which radicals are optionally 
15 substituted with a group selected from halogen radicals and 
N02/ -0R9 and Sr9 wherein r9 represents hydrogen and alkyl 
radicals; 

r3 represents alkyl, alkenyl, alkynyl, h/droxyalkyl , 
20 alkox/alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl , 
heteroaryl, heterocycloalkylalkyl, aryl, aralkyl, 
heteroaralkyl, aiuinoalkyl and mono- and disubstituted 
aminoalkyl radicals, wherein said substituents are selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
25 heteroaryl, heteroaralkyl, heterocycloalkyl, and 

heterocycloalkylalkyl radicals, or in the case of a 
disubstituted aminoalkyl radical, said substituents along 
with the nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 

30 

r4 and r5 independently represent hydrogen and radicals as 
defined by r3, or together with the nitrogen atom to which 
they are bonded represent a. heterocycloalkyl or heteroaryl 
radical; 

35 

t represents 0 or 1; and 
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y and Y' independently represent O and S. 

3. Corcpomd of Claim 2 vftierein R represents 
aralko3<ycarboriyl and heteroaroyl radicals. 

4, Coirpoiond of Claim 2 wherein R represents 
carbobenzojy, 2-benzofurancarbonyl and 2-quinolinylcarboriyl 
radicals. 



ID 5. Coirpound of Claim 2 wherein R represents 

carbobenzoxy . 

6. Coirpound of Claim 2 wherein R represents 2- 
quinolinylcarbonyl and 2"ben2of;n:ancarbonyl radicals. 

05 

7. Coicpound of Claim 2 wherein R^ represents 
alkyl/ alkenyl and alkynyl radicals / and amino acid side 
chains selected from the group consisting of asparagine, 
valine, threonine, alio- threonine, isoleucine, S-methyl 

20 cysteine and the sulfone and sulfoxide derivatives thereof, 
alanine, and allo-isoleucine. 

8. Carrpound of Claim 2 wherein r1 represents 
methyl, propargyl, t-butyl, isopropyl and sec-butyl 

25 radicals, and amino acid side chains selected from the 

group consisting of asparagine, valine, S-meth^l cysteine, 
allo-iso-leucine, iso-leucine, threonine, serine, aspartic 
acid, beta-cyano alanine, and allo-threonine side chains. 

30 9. Coirpound of Claim 2 wherein r1 represents 

methyl and t-butyl radicals. 

10. Conpoimd of Claim 2 wherein bX represents a 
t-butyl radical vflien t is O. 
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11. Carrpound of Claim 2 wherein r1 represents 
amino acid side chains selected from asparagine, valine, 
alanine and isoleucine side chains, 

5 12. Carrpound of Claim 2 wherein r1 represents 

amino acid side chains selected from asparagine, iso- 
leucine and valine side chains. 

13. Cortpound of Claim 2 wherein r1 represents 
ID an asparagine side chain. 

14. Compoxand of Claim 2 wherein r1 represents a 
t-butyl radical and an asparagine side chain. 

15 15. Carrpound of Claim 2 wherein r1 repcesents a 

methyl radical when t is 1. 

16. Corrpoimd of Claim 2 wherein t is-tt., 

20 17. Coirpound of Claim 2 wherein t is^ i.. 

18. Carrpo\ind of Claim 2 wherein r2 r^iresents 
alkyl, cycloalkylalkyl and aralkyi radicals, which radicals 
are optionally substituted with halogen radicals and 

25 radicals represented by the formula -Or9 and -SR? %toerein 
r9 represents hydrogen and alkyl radicals. 

19. Corrpoimd of Claim 2 wherein r2 re pr esents 
alkyl, cycloalkylalkyl and aralkyi radicals. 

30 

- 20. Carrpound of Claim 2 wherein r2 represents 
aralkyi radicals. 



35 



21. Carrpound of Claim 2 vdierein r2 represents 
CH3SCH2CH2-/ iso-butyl, n-butyl, benzyl, 4-f luorobPTiTyl , 2- 
naphthylmethyl and cyclohe^o^lmethyl radicals. 
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22. Corrpound of Claim 2 wherein r2 represents 
an n-butyl and iso-butyl radicals. 

23. Corrpound of Claim 2 wherein r2 represents 
5 benzyl, 4-f luoroben2yl . and 2-naphtl:^lmetl^l radicals, 

24. Corrpound of Claim 2 wherein r2 represents a 
cyclohexylmettYl radical. 

10 25 . Corrpound of Claim 2 wherein r3 , r4 and r5 

independently represent alkyl, alkenyl, liydroj^alkyl, 
cycloalkyl/ cycloalkylalkyl, heterocycloalkyl, 
heterocycloalkylalkyl,: aryl, aralkyl and heteroaralkyl 
radicals. 

15 

26. Compound of Claim 25 wherein r5 represents 

hydrogen. 

27. Corrpomd of Claim 25 wherein r3 and R^ 
20 independently represent alkyl and alkenyl radicals. 

28. Cortpovind of Claim 26 wherein r3 and R^ 
independently represent allQ^l and hydroxyalkyl radicals. 

25 29. Corrpoxmd of Claim 26 wherein r3 and R^; 

independently represent alkyl, cycloalkyl and 
cycloalkylalkyl radicals. 

30. Corrpound of Claim 26 wherein r3 and R^ 

30 independently represent alkyl/ heterocycloalkyl and ^ 
heterocycloallq^lalkyl radicals . 

31. Ccrrpoimd of Claim 26 wherein r3 and R^ 
independently represent alkyl, aryl and aralkyl radicals. 

35 
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32. Compound of Claim 26 wherein represents 
a t-butyl/ ethyl/ isopropyl and l/l-dimeth/lpropyl 
radicals . 

5 33. Corrpound of Claim 2 wherein r3 represents 

alkyl radicals having from about 2 to about 5 carbon atoms. 

34. Corrpound of Claim 2 vdierein r3 represents 
n-pentyl, n-hexyl, n-propyl, i-butyl, neo-pentyl>^ i-aityl, 

ID and n-butyl radicals. 

35. Coirpound of Claim 2 wherein r3, r4 and r5 
independently represent alkyl radicals having f rcni about 2 
to about 5 carbon atoms, cycloalkylalkyl radicals, aralkyl 

15 radicals , heterocycloalkylalkyl radicals and- heteroaralkyl 
radicals. 

36. Corrpound of Claim 2 v^erein r3 represents 
benzyl, para-fluorobenzyl, para-methoxybenzyl*. paersr 

20 methylbenzyl, and 2-naphthylmethyl radicals and R^v 
represents t-butyl. 

37. Coirpomd of Claim 2 wherein r3 is 
cyclohexylmethyl and r4 is t-butyl. 

25 

38. Corrpound of Claim 2 wherein r3 is i-airyl 
and R^ is t-butyl. 

39. Compound of Claim 2 wherein r3 is i-butyl 
30 and r4 is t-butyl. 

40. Coirpoxmd of Claim 2 wherein r3 is n-butyl 
and R^ is t-butyl. 

35 41, Conpound of Claim 2 wherein r3 is neo- 

pentyl and R^ is t-butyl. 
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42. CorcpoiHid of Claim 2 wherein represents 
alkyl and cycloalkyl radicals. 

43 . Corrpound of Claim 2 wherein r5 represents 
5 h^rdrogen and alkyl and cycloalkyl radicals. 

44. Corrpoimd of Claim 2 wherein r4 and r5 
together with the nitrogen to which they are bonded 
represent pyrrolidinyl, piperidinyl, irorpholinyl, and 

ID piperazi]nyl radicals. 

45. Corrpotind of Claim 2 viierein r3 represents 
heteroaralkyl radicals and R^ is t-butyl. 

15 46. Conpoimd of Claim 2 wherein r3 is a p- 

fluorobenzyl radical and R^ is a t-butyl radical. 

47. Coitpoimd of Claim 2 wherein r3 is a 4- 
pyri(%rimethyl radical or its N-oxide and R^ is a t-butyl 

20 radical. 

48. Corrpoiiad of Claim 2 viierein R 4 and r5 
together with the nitrogen atom to which they are attached 
represent a 5 to 8-membered heterocyclic or 

25 heterobicyclicalkyl radical. 

49 . Cornpotind of Claim 2 wherein R* and r5 
together with the nitrogen atom to which they are attached 
represent a 5 to B-membered heterocyclyl radical, 

30 optionally substituted with an alkyl radical having from 1 
to about 3 carbon atoms. 

50. Corcpound of Claim 2 wherein R^ and r1' are 
both hydrogen and r1" represents an alkyl radical having 

35 from 1 to about 4 carbon atoms. 
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51. Carrpound of Claim 2 wherein r1 and r1' are 
both hydrogen and r1" represents -CH2SO2NH2/ CO2NH2/ 
CO2CH3, al}<yl, alkynyl and cycloalkyl radicals and amino 
acid side chains selected from asparagine, S-methyl 
cysteine and the sulfone and sulfoxide derivatives thereof, 
histidine, norleucine, glutamine, glycine, allo-isoleucine^ 
alanine, threonine, isoleucine, leucine, tert-leucine, 
phenylalanine, ornithine, allo-threonine, serine, aspartic 
acid, beta-cyano alanine and valine side chains. 

52. Cortpound of Claim 2 where t is O and 
represents the amino acid side chain of asparagine. 

53. Compound of Claim 52 where R represents a 
heteroarqyl radical. 

54. Coirpound of Claim 52 where R represents a 
2-quinolinylcarbonyl or 2-benzofurancarbonyl radical. 

55. Coitpomd of Claim 2 where t is 0 and r1 
represents a t-butyl or propargyl radical or. an amino acid 
side chain of valine or isoleucine. 

56. Compound of Claim 55 where R represents an 
arylalkanoyl , aryloxycarbonyl , alkanoyl , aminocarbonyl , 
mono-substituted aminoalkanoyl, disubstituted 
aminoalkanoyl, or roono-or dialkylaminocarboryl radicals. 

57. Carrpound of Claim 55 where R represents an 
arylalkanoyl, aryloxycarbonyl or alkanoyl radical, 

58. Compound of Claim 55 where R represents an 
aminocarborxyl radical, a monosubstituted aaminoalkanqyl 
radical or disubstituted aminoalkanoyl radical. 
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59.- Corrpound of Claim 55 viiere R represents 
acetyl/ N,N-diineti]^laininoacetyl or N-benzyl-N- 
methylaminoacetyl . 

5 60 • Compomd of Claim 2 where t is 1 and r1 is 

a mettyl radical. 

61. Can^jotoxid of Claim. 60 where R represents an 
alkanoyl, arylalkanqyl, aryloxyalkanqyl or 

ID arylalkylojylcarbonyl radical. 

62. Corcpoimd of Claim 60 where R represents a 
phenoxyacetyl, 2-naphthyl05<yacetyl, benzyloxycarborryl or p- 
metho3Q^benzylo3Q^carbonyl radical. 

15 

63. Compound of Claim 2 wherein t is 1, Ri and 
rI" are both hydrogen and r1" is C0MI2- 

64. Carpoxmd of Claim 50 where R represents an 
20 aminocarbonyl or an al]<ylaininocarboriyl radical. 

65. Corrpoimd of Claim 60 where R represents an 
N-mettylaminocarbonyl radical. 

25 66. A pharmaceutical composition corrprising a 

corpoimd of Claim 1 and a pharmaceutically acceptable 
carrier. 

67. A pharmaceutical cortposition corrprising a 
30 corrpound of Claim 2 and a pharmaceutically acceptable 

carrier. 

68. Method of inhibiting a retroviral protease 
corrprising administering- a protease inhibiting amount of a 

35 corrposition of Claim 66. 
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69. Method of Claim 58 wherein the retroviral 
protease is HIV protease. 

70. Method of treating a retroviral infection 
5 cortprising administering an effective amount of a 

coitposition of Claim 66, 

71. Method of Claim 70 wherein the retroviral 
infection is an HIV infection. 

ID 

72. Method for treating AIDS comprising 
administering an effective amount of a corrposition of Claim 
66. 

15 73. Method of inhibiting a retroviral protease 

coTtprising administering a protease inhibiting amoimt of a 
corrposition of Claim 67. 

74. Method of Claim 73 wherein the retroviral 
20 protease is HIV protease. 

75. Method of treating a retroviral infection 
corrprising administering an effective amount of a 
corrposition of Claim 67. 



25 



76. Method of Claim 75 wherein the retroviral 
infection is an HIV infection. 



77. Method for treating AIDS coirprising 

30 administering an effective amount of a corrposition of Claim 
67. 

78. Compound represented by the formula: 

^(CHe) 

35 " H OH R3 R4 
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wherein R' represents alk^l, alkenyl/. hydroxy alkyl , 
alko3Qralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, 
heterocycloalkylallcyl, aryl^ arallcyl, aralkoxircarbonylalkyl , 
5 heterocirall^l, aitiinoal]Q^l and aminocarbonylalkyl radicals, 
wherein the amino group of said aminoalkyl and 
aminocarbonylal]<yl radicals may be mono- or di-substituted 
with substitutents selected from alkyl, aryl, aralkyl, 
cycloalkyl, cycloalkylall<yl, heteroaryl and. heteroaralkyl 
ID radicals; 

r1 represents hydrogen, -CH2SO2NH2/ -CO2CH3, -CONHCH3, 
-CON(CH3)2. -CH2C(0)NHCH3/ -CH2C{0)N(CH3)2* -C0NH2/ 
-C{ai3)2(SCH3), -C{CH3)2(S[0]ai3), -C{CH3)2(S[0]CH3l , alkyl, 

15 haloalkyl, alkeryl, alkynyl and cycloalkyl^ radicals^ and 
amino acid side c±iains selected from aspara gine , S-methyl 
cysteine and the corresponding siilf oxide and- sulf one- 
derivatives thereof, glycine, leucine, isoleacine, allo- 
isoleucine, tert-leucine, phenylalanine r ornithine*, alanine, 

20 histidine, norleucine, glutamine, valine,- titreopaine,- serine, 
aspartic acid, beta-cyano alanine, and allothre onin e side 
chains; 

r2 represents alkyl, aryl, cycldalkyl, cycloall^iaikyl and 
25 aralkyl radicals optionally substituted with a gixsag 

selected from -Or9, -Sr9, and halogen radicals, vdierein r9 
represents hydrogen and alkyl radicals? 

r3 represents alkyl, eilkenyl, alkyiiyl, hydraxyall^l, 
30 alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocycloall^yl, 
heteroaryl, heterocycloalkylalkyl, aryl, arallQ?i^ 
heteroaralkyl, aminoalkyl and mono- and disubstituted 
aminoalkyl radicals, wherein said substituetrts. are selected 
from alkyl, aryl, aralkyl, cycloalkyl, ' cycloalkylalkyl, 
35 heteroaryl, heteroarallcyl, heterocycloallcyl,. andt 
heterocycloalkylalkyl radicals, or in the case of a 
disubstituted aminoalkyl radical, said aubstituents along 
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with the nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 

r4 and r5, independently represent i^ndrogen and radicals -as 
5 defined by r3, or r4 and r5 together with the nitrogen atom 
to which they are bonded represent heterocycloalkyl^and 
heteroaryl radicals; and 

r20 and r21 represent radicals as defined for R^; and 
10 Y and y independently represent 0 and S. 

79. Corrpoimd of Claim 78 wherein t is O. 

80. Compound of Claim 78 wherein r1 represents 
15 hydrogen, alkyl and alkynyl radicals. 

81. Compound of Claim 78 wherein r1 represents 
alkyl radicals having from 1 to about 4 carbon atoms and 
alkenyl radicals having from 3 to 8 carbon atoms. 

20 

82. Compound of Claim 78 herein r1 represents 
methyl/ ethyl, isopropyl and t-butyl radicals. 

83. Conpound of Claim 78 wherein r20 and r21 
25 independently represent hydrogen and alkyl radials. 

84. Cortpoxjnd of Claim 78 wherein r20 and r21 
independently represent hydrogen and methyl radicals. 

30 85. Compoimd of Claim 78 wherein r20 is 

hydrogen and r21 is an alkyl radical. 

86. Compoimd of Claim 78 wherein R' represents 
alkyl, aryl and aralkyl radicals. 

35 
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87, Coirpound of Claim 78 wherein R' is selected 
from inet±yl and phenethyl radicals . 

88. Compound of Claim 78 wherein r2 represents 
alkyl/ cycloalkylalkyl and aralkyl radicals, which radicals 
are optionally siabstituted with halogen radicals and 
radicals represented by the formula -Or9 and -Sr9 vAierein 
r9 represents t^drogen and alkyl radicals. 

89- Cocnpound of Claim 78 wherein r2 represents 
alkyl, cycloalkylalkyl and aralkyl radicals. 

90. Coirpomd of Claim 78 wherein r2 represents 
araUcyl radicals. 

91. Coiipound of Claim 78 wherein r2 represents 
CH3SCH2CH2-, iso-butyl, n-butyl, benzyl, 4-fluoroben2yl, 2- 
naphthylmethyl and cyclohex/lmethyl radicals. 

92 . Compoimd of Claim 78 wherein r2 represents 
an n-butyl and iso-butyl radicals. 

93. Cornpound of Claim 78 wherein r2 represents 
benzyl, 4-fluorobenzyl, and 2-naphthylmethyl radicals. 

94. Corrpound of Claim 78 wherein r2 represents 
a cyclohexylmetl^rl radical. 

95. CoDPpound of Claim 78 wherein r3, r4 and r5 
independently represent alkyl ^ alkenyl, hydroj^alkyl, 
cycloall^l, cycloalkylalkyl,. heterocycloalkyl, 
heterocycloalkylalkyl, aryl, aralkyl and heteroaralkyl 
radicals . 

96. Corrpound of Claim 95 wherein r5 represents 

hydrogen. 
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97. Coirpound of Claim 95 wherein r3 and r4 
independently represent alkyl and alkenyl radicals. 

98. Coirpoimd of Claim 95 wherein r3 and 

5 independently represent alk/l and hydroxyalkyl radicals. 

99. Coirpound of Claim 96 wherein r3 and r4. - 
independently represent alkyl, cycloalkyl and 
cycloalkylalkyl radicals. 

ID 

100. Coirpound of Claim 96 wherein r3 and R^- 
independently represent alkyl, heterocycloalkyl and 
heterocycloalkylalkyl radicals. 

15 101. Coirpound of Claim 96 wherein r3 and R^^ 

independently represent alkyl, aryl and aralkyl radicals. 

102. Coirpound of Claim 96 wherein r3 and R^ 
independently represent alkyl, cycloalkyl, cycloalkylaiJ^I, 1^ 

20 heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl/ andt 
heteroaralkyl radicals. .. ™ 

103 . Coirpound of Claim 78 wherein r3 represents 
alkyl radicals having from about 2 to about 5 carbon atoms ^ 

25 

104. Coirpound of Claim 96 wherein R^ represents 
ethyl, i-propyl, t-butyl and 1,1-dimethylpropyl radicals. 

105. Coirpound of Claim 78 wherein r3, r4 and r5 
30 independently represent alkyl radicals having from about 2 

to about 5 carbon atoms, cycloalkylalkyl radicals, arallqrl 
radicals, heterocycloalkylalkyl radicals and heteroaralkyl 
radicals. 
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20 



106. Coirpound of Claim 78 viierein r3 represents 
benzyl, para-fluorobenzyl, para-methoxybenzyl, para- 
methylbenzyl, and 2-naphthylinetl:^l radicals and 
represents t-butyl. 

107. Corcpoxmd of Claim 78 wherein is 
cyclohexylmetl^l and r4 is t-butyl. 



108. Cornpound of Claim 78 wherein r3 is i-anyl 
ID and r4 is t-but^l. 

109. Corrpoxmd of Claim 78 wherein r3. is i-butyl 
and r4 is t-butyl. 

15 110. Coir^jomd of Claim 78 vAierein r3 is n-butyl 

and r4 is t-butyl. 

111. Corr5)ound of Claim 78 \Aierein r3 is neo- 
pentyl and R^^ is t-butyl. 



112. Corrpound of Claim 78 wherein r4 represents 
alkyl and cycloalkyl radicals. 



113 . Coirpo\md: of Claica 78 vftierein r5 represents 
25 hydrogen and alkyl and cycloalkyl radicals. 

114. Compound of Claiia 78 wherein R^ and r5 
together with the nitrogen to viiich they are bonded 
represent pyrrolidinyl, piperidinyl, morpholinyl, and 

30 piperazinyl radicals. 

115 . Coirpound of Claim 78 vdierein r3 represents 
heteroaralkyl radicals and r4 is t-butyl. 

35 116 . Corrpound of Claim 78 vAierein r3 is 

selected from p-fluorobenzyl, benzyl and p-methoxybenzyl 
^radicals and R* is a t-butyl radical. 
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117, A pharmaceutical composition coiiprising a 
corrpoimd of Claim 78 and a pharmaceutically acceptable 
carrier. 

5 

118. Method of inhibiting a retrt>viral protease 
corrprising administering a protease iixhibiting amount of a 
corrposition of Claim 117. 

ID 119. Method of Claim 118 wherein the retroviral 

protease is KTJ protease, 

120. Method of treating a retroviral infection 
carprising administering an effective amount of a 

15 conposition of Claim 117. 

121. Method of Claim 120 wherein the retroviral 
infection is an HIV infection. 

20 122. Method for treating AIDS caaprising 

administering an effective amount of a corrsKMitiion: of Claim 
117. 

123. Coirpound represented by the formula: 

25 




v*ierein: Rl represents hydrogen, -CH2S02NH2# -CO2CH3, 
-CONHCH3, -CON{CH3)2. -CH2C{0)NHCH3, -CH2Cf01N(CH3)2/ -CONH2, 
30 -C(CH3)2{SCH3), "C(CH3)2 (S[0]CH3) , -C (CH3)2{S[0}CH3) , alkyl, 
haloalkyl, alkenyl, alkynyl and cycloalkyi radicals and 
amino acid side chains selected from asparagine, S-methyl 
cysteine and the corresponding sulfoxide and sulfone 
derivatives thereof, glycine, leucine, isoleuciner 
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allo-isoleucine> tert-leucins/ phenylalanine, ornithine, 
alanine, histidine, norleucine, glutamine, valine, 
threonine, serine, aspartic acid^ beta-cyano alanine, and 
allothreonine side chains; 

5 

r2 represents alk^l, aryl, cycloalkyl, cycloalkylalkyl and 
aralkyl radicals optionally s\±»stituted with a group 
selected from -OB?r -Sr9, and halogen radicals, wherein r9 
represents hydrogen and alkyl radicals; 

ID 

r3 represents alkyl, alkenyl, alJQnryl, hydroxyalkyl, 
alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl , 
heteroaryl, heterocycloalkylalkyl, aryl, arall^rl, 
heteroaralkyl, aminoalkyl and mono- and disubstituted 

15 aminoalkyl radicals, wherein said sijbstituents are selected 
from alkyl/ aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
heteroaryl, heteroaralkyl, heterocycloallQ^l, and 
heterocycloalkylalkyl radicals, or in the case of a 
disubstituted aminoallQ^l radical, said substituents along 

20 with the nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 

r4 and r5, independently represent hydrogen and radicals as 
defined by r3/ or r4 and r5, together with the nitrogen 
25 atom to which they are bonded represent heterocycloalkyl 
and heteroaiyl radicals; 

r30, r31 and r32 represent radicals as defined for bX, or 
one of r1 and r30 together with one of r31 and r32 and the 
30 carbon atoms to vftiich they are attached form a cycloalkyl 
radical; or r30 and r32 together with the carbon atoms to 
which they are attached form, a three to six-merribered 
cycloalkyl radical; 

35 r33 and r34 independently represent hydrogen and radiccils 
as defined for r3, or r33 and r34^ together with X' 
represent cycloalkyl, aryl, heterocyclyl and heteroaryl 
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radicals, provided that when X' isO, R34is absent; 

X' represents N, O or C{r17) wherein rI^ represents 
hydrogen and all<yl radicals; and 

5 

Y*and Y" independently represent 0 and S. 

124. Coitpound of Claim 123 wherein Y, and Y" 

are 0. 

ID 

125. Compound of Claim 123 wherein t is 

126. Compound of Claim 123 wherein X' 
represents N and O. 

15 ■ 

127. Conpound of Claim 126 wherein rX 
represents h/drogen and alkyl radicals having f ram. 1 to 
about 4 carbon atoms, alkenyl, alkynyl, aralkyl radicals i 
hydroxy 1 radicals, and radicals represented hy the f onraiia 

20 "CH2C{0)R" v^erein R" represents r38, -nr38r39 ^ and -CR^S 
wherein r38 and r39 independently represent hydrogeai. and 
alkyl radicals having from 1 to about 4 carbon atcsis. 

128. Coitpound of Claim 123 wherein r1 

25 represents hydrogen, methyl, ethyl, benzyl, phenylpcopyl, 
propargyl, hydroxyl and radicals represented by, the formula 

CH2C(0)R" wherein R" represents "CH3, NH2 and -OH. 

30 129 . Conpound of Claim 125 wherein r1 and r31 

are both hydrogen and r30 and r32 are both mechyl.,-. 

130, Coirpoxind of Claim 125 wherein r30 is 
hydrogen and r1, r31 and r32 are all methyl. 

35 

131. Conpound of Claim 125 wherein R^O, r31 and 
r32 are hydrogen and r1 is methyl. 
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132 • Cartpound of Claim 125 wherein r1 and r31 
are both hydrogen and r30 and r32 together with the carbon 
atoms to which th^ are attached f orca a three to six- 
5 merribered cycloalkyl radical. 

133. Corrpovind of Claim 125 wherein X' is O and 
r33 is hydrogen or an alkyl- radical. 

3JD 134. Compomd of Claim 125 wherein X' is O, r34 

is absent and r33 represents an arall^yl radicals 

135 . Coirpound of Claim 125 \(^erein r2 
represents alkyl, cycloalkylalkyl and arall^l radicals^ 

15 which radicals are optionally substittrtei with: hsttogen 

radicals and radicals represented by' the formnla -<DR9 and 
-SR9 viierein r9 r^resents hydrogen and all^l radicals. 

136. Compound of Claim 125>^ereiir r2 

20 represents alkyl, cycloalkylalkyl and* arall^I radicals . 

137. Cort5)otmd of Claim 12S^^d3ereauti' r2; 
represents aralk/1 radicals. 

25 138.. Compound of Claim 125- v^iereiiiL r2 

represents CH3SCII2CH2-/ iso-butyl, n-butyl, bm^l, 2- 
naphthylmethyl and cyclohejQ^lmethyl radicals. 

139 . Coirpound of Claim 125 vdiCTein r2 

30 represents an n-butyl and iso-butyl rad i cals . ^5 

140 . Corcpound of Claim 125 vtoerein r2 
represents ben^l, 4-fluorobenzyl, and 2-Tiap'hthyIroethyl 
radicals. 

35 

141. Conpound of Claim 125 viierein r2 
represents a cycloheaQrlmethyl radical. 
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142, Coirpound of Claim 125 wherein r3, r4 and 
r5 independently represent alkyl, alkenyl, hydroxyalkyl , 
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, 
heterocycloalkylalkyl, aryl, aralkyl and heteroaralkyl 
radicals . 

143. Coirpound of Claim 125 wherein r5 
represents hydrogen. 

144* Compound of Claim 142 wherein r3 and R^ 
independently represent alkyl and alkenyl radicals. 

145. Cortpound of Claim 143 wherein r3 and R^: 
15 independently represent alkyl and hydroxyalkyl radicals. 

146. Compound of Claim 143 wherein r3 and r4 
independently represent alkyl, cycloalkyl and 
cycloalkylalkyl radicals. 

20 

147. Cortpound of Claim 143 wherein r3 and R^ 
independently represent alkyl, heterocycloalkyl and 
heterocycloalkylalkyl radicals . 

25 148. Coonnpound of Claim 143 wherein r3 and r4 

independently represent alkyl, aryl and aralkyl radicals. 

149. Compound of Claim 143 wherein r3 and r4 
independently represent alkyl, cycloalkyl, cycloalkylalkyl, 
30 heterocycloalkyl, heterocycloallQ^lalkyl, aryl, aralkyl, and 
heteroaralkyl radicals. 



35 



150. Compound of Claim 125 wherein r3 
represents all^yl radicals having from about 2 to about 5 
carbon atoms. 
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151. Compound of Claim 125; wherein r3 
independently represent n-propyl, i-butyl/ neo-pentyl, 
n-pentyl, n-hesyl, i-airyl, and n-butyl radicals • 

5 152. Coxrpoimd of Claim 125 vdierein r3, r4 and 

r5 independently represent alkyl radicals having from about 
2 to about 5 carbon atoms, cycloalkylallq^l radicals, 
aralJc^l radicals, heterocycloalkylalkyl radicals and 
heteroaralkyl radicals. 

ID 

153. Compound of Claim 125 wherein r3 
represents benzyl, para-fluorobenzyl, para-metho^^benzyl, 
para-methylbenzyl, and' 2-naphthylmeth7l radicals and R^ 
represents t-butyl* 

15 

154. Corrpound of Claim 125 wherein r3 is 
cyclohejQTiinethyl and r4 is. t-butyl. 

155. Compound of Claim 125 wherein r3 is i-airyl 
20 or n-butyl and r4 is t-butyl. 

156. Coirpound of Claim 125 vAierein r3 is i- 
butyl and r4 is t-butyl. 

25 157. Compound of Claim 125 wherein r3 is ben2yl 

or p-fluorobenzyl and r4 is t-butyl. 

158. Corrpound of Claim 125 wherein r3 is neo- 
pentyl and r4 is t-butyl. 

30 

159- Coitpomd of Claim 125 wherein r4 
represents alkyl and cycloallQ^l radicals. 

160, Conpomd of Claim 125 wherein r4 
35 represents ethyl, i-propyl, t-butyl and 1,1-dimethylprqpyl 
radicals. 
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161. Coirpound of Claim 125 wherein r3 
represents heteroaralkyl radicals and r4 is t-butyl. 

162. Conpound of Claim 125 wherein and R^ 

5 together with the nitrogen atom to which they are attached 
represent a 5 to 8-inembered heterocyclic or 
heterobicyclicalkyl radical. 

163. Coitpoimd of Claim 125 wherein and r5 
ID together with the nitrogen to which they are bonded 

represent pyrrolidinyl , piperidinyl, morpholir^l,- and 
piperazinyl radicals. 

164. A pharmaceutical corcposition conp rising a 
15 corrpoimd of Claim 123 and a pharmaceutical ly acceptable 

carrier. 

165. Method of inhibiting a retrofviral protease 
coirprising administering a protease inhibiting amount of a 

20 corrposition of Claim 164. 

166. Method of Claim 165 wfaereinrthe retroviral 
protease is HIV protease. 

25 167. Method of treating a ret r o vira l infection 

coirprising administering an effective amount, of a 
cortposition of Claim 164. 

168. Method of Claim 167 \dierein the retroviral 
30 infection is an HIV infection. 

169. Method for treating AIDS csonprising 
administering an effective amomt of a corrposition of Claim 
164. 
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170. A corcpound of Claim 1 which is: 
Butanediamide, n1-[3-[[ td/l- 
dimethirletharl) amino] carboiiyl] {2-metl]5rlpropyl) amino] -2- 
hydxo^-l- (phenylmet±yl) propyl] -2- [ (2- 
5 qainolinylcarbonyDaminoI-, [1S-[1R*{R*) .2S*] ]-; 

Butanediamide, n1-[3-[[[(1,1- 

dimetlTf lethyl ) amino] carboryl] propylamino} -2-l:^droxy-l- 
(phenylmethyl) propyl] -2- [ {2-qLLinolinylcarbonyl) amino] 
ID [1S-[1R*{R*),2S*]]-; - 

Butanediamide, n1-[3-:[[[{1,1- . 

dimethyletl^l) amino] carborryljbutylamino] -2-hydro3Qr-l- 
(pheriylmethyl) propyl] -2- [ (2-quinolinylcarbonyl) amino] 
15 [IS- [IR* (R*) , 2S*] ] - ; 

Butanediamide, Nl-[3-[t [(1,1- 

dimethylethyl) amino] carbonyl] (phenylmethyl) amino] -2- 
hydroxy-1- (phenylmetl^l) propyl] -2- [ (2- 
20 quinolinylcarbonyl) amino]-, [IS- [IR* (R*) ,2S*] ]-; 

Butanediamide, n1-[3-[[[(1,1- 

dimethyletl^l) amino] carboiiyl] (4-f luorophenylmethyl) amino] - 
2-hydro3^-l- (phenylmethyl) propyl] -2- [ (2- 
25 quinoliiQ^lcarbonyl) amino]-, [1S-[1R*(R*) .2S*] ]-; 

Butanediamide, n1-[3-[[[(1,1- 

dimethylethyl) amino] carbonyl] (4-metho3Qphenylmethyl) amino] - 
2-hydrox^-l- (phenylmetliyl) propyl] -2- [ (2- 
30 qainoliinylcarboriyl) amino]-, [1S-[1R*(R*) ,2S*] ]-; 

Butanediamide, n1-[3-[ [[ (1,1- 

dimetliyletl^rl) amino] carbonyl] (3-methylbutyl) amino] -2- 
iT/dro^QT-l- {phenylmettyl)propyl]-2- [ (2- 
35 quinoliiylcarlDoriyl) amino]-, [1S-[1R*(R*) ,2S*]]-; 
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Butanediamide, n1- [3- [ [ ( (1,1- 
dimethylethyl) amino] carbonyl] (3 , 3-dimethylpropyl) amino] -2- 
hydro:^-!- (phenylmettiyl) propyl] -2 - [ (2- 
gainoli^ylcarbonyl)amino]", [IS- tlR*(R*) ,28*]]-; 

5 

Butanediamide, n1-[3-[[[ (1,1- 

dimettiyletlnyl ) amino] carbonyl] ( 4-Jxydroxybutyl ) amino] -2- 
hydrdxy-1- (phenylmethyl) propyl] -2 - [ (2- 
quinolirlylcarborIyl)amino] [1S-[1R*(R*) ,2S*]]-; 

ID 

Butanediamide, N^- [3- [ [ [ (1,1- 
dimethylethyl) amino] carbonyl] (4-pyridylmetli7l) amino] -2- 
liydroxy-l- (plienylmetliyl) propyl] -2- [ (2- 
quinolinylcarbonyl) amino]-, [1S-[1R*{R*) ,2S*]]-; 

15 

Butanediamide, n1-I3" [ [ [ (1,1- 
dimetliyletliyl) amino] carbonyl] (2-phenyletliyl) amino] -2- 
hydroxy-l- (plienylmetliyl) propyl] -2- [ (2- 
quinolinylcarbonyl) amino]-, [1S-[1R*(R*) ,2S*]]-; 

20 

Butanediamide, n1-[3-[ [ [ (1,1- 

dimethyletliyl) amino] carlDonyl] {2-naplitliy'lmetlnyl) amino] -2- 
hydroxy-l- (plienylmettiyl) propyl] -2 - [ (2- 
quinoliI]ylcarbo^yl)amino] [1S-[1R*{R*) ,2S*]]-; 

25 

Butanediamide, n1-[3- [ [ [ (1,1- 

dimethyletliyl) amino] carlDonyl] ( cy cloliexylme thy 1) amino] -2- 
hydro^q^-l- (phenylmetliyl) propyl] -2- [ (2- 
guinolirylcarbonyl) amino] -, [IS- [IR* (R*) , 2S*] ] - ; 

30 

Butanediamide, N^- [3- [ [ [ (1,1- 

dimetliyletliyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
hydrojy-l- ( 4- fluoroplienylmetliyl) propyl] -2- [ (2- 
quinolinylcarboriyl) amino]-, [1S-[1R*(R*) ,2S*]]-; 

35 
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Butanediamide, n1- [3- [ [ [ (1, 1- 

dimethyletharD amino] carbonyl] (3-inet±ylbutYl) amino] -2- 
hYdro3<y-l' ( cyclohej^lmethyl) propyl] -2- [ (2- 
quinolii^lcarbororl) amino!-. .[1S-[1R* (R*) ,2S*]]-; 
5 . • 

Butanediamide, nI- [3- [ [ [ (1,1- • 

dimet±ylet±yl) amino] carboir^l] (3-met]iylbutyl)amino]-2- 
h^droxi^-l- (butyl) propyl] -2- [ {2-quinoliriylcarbonyl) amino] 
[1S-[1R*(R*),2S*]]-; 

ID 

Propanamide, N- [3- 1 1 [ 1-dimethylethyl) amino] carbonyl] (3- 
mettylbutyl) amino] -2-h7dro3<y-l- (phenylmett^l) propyl] -2- 
metl^l-3-{methylsulfonyl}-, [1S-[1R*(R*) , 2S*] ] 

05 Propanamide, N- [3- [ [ [ (1, 1-dimetl^lethyl) amino] carbonyl] (3- 
methylbutyl) amino] -2-I:5?'droxy-l- (4- 

fluorophenylmet±yl) propyl] -2-met]:5(rl-3- (meth/lsxilfonyl) 
[1S-[1R*(R*), 2S*]]-;- . 

20 Propanamide, 3- (acetylamino) -N^ [3- [ [ [ (1 , 1- 

dimetl^letlT^l) amino] carlDonyl] {3-methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2-met±yl- , [IS- 
[1R*(S*),2S*]]-; 

25 Propanamide, 3- (acetylamino) -N-[3-[[[{l, 1- 

dimettylethyl) amino] earboi^l] {3-meth^lbutyl)amino]-2- 
h^droxy-1- {4-f luorophenylmethyl) propyl] -2-metl:^l- , [IS- 
[1R*(S*),2S*]]-; 

30 Propanamide, 3- (acetylamino) -N-[3-[[[ (1,1- 

ditnetlsrlethyl) amino] carbonyl] (3-met]:^lbutyl)amino]-2- 
l^dro^y-l- (cycloliexylmetbyl) propyl] -2-methyl- , [IS- 
[1R*(S*),2S*]1-; 



wo 93/23368 



PCT/US93/04806 



185 

Propanamide, 3- (phenoxyacetylamino) -N- [3- [[[(1,1- 
dimethylethy 1 ) amino ] carbonyl ] ( 3 -metivlbutyl ) amino] -2 - 
hydroxy-l- ( phery Ime thy 1) propyl] -2-methyl- , [IS- 
[1R*{S*),2S*]]-; 

5 

Propanamide, 3- (2-naplithyloxyacetylamino)-N- [3- [ [ [ (1,1- 
dimethy lethyl ) amino ] carbonyl ] ( 3 -methy Ibutyl ) amino] -2- 
hydroxy-1- (phenylmet±yl) propyl] -2-methyl- , [IS- 
[1R*(S*),2S*]]-; 

ID 

Propanamide , 3 - { 4 -metlaoxybenzy loxycarbony 1 ) amino-N- [3- 
[ [ [ (1, l-dimethylethyl) amino] carbonyl] (3-methylbutyl)amino] - 
2-hydroxy-l- (plienylmethyl ) propyl ] -2-methyl- , [IS- 
[1R*{S*),2S*]]-; 

15 

2 , 6 , 10 , 12-tetraazatetradecanamide, 8-hydro^-N, 4 , 13 , 13- 
tetramethyl-10- (3 -methy Ibutyl) -5, ll-dioxo-7- 
(phenylmethyl [4R- {4R* , 7S* , 8R* ) ] - ; 

20 2 , 6 , 10 , 12-tetraazatetradecanamide, 8-liydroxy-N,.4 13- 
tetramethyl-10- (3 -methy Ibutyl) -5 , ll-dioxo-7- (4- ^ 
f luorophei^^lmethyl) - , [4R- (4R* , 7S* , 8R* ) ] - ; 

Butanediamide, n1- [2-hydroxy-3-[ (phenylmethyl) (1- 
25 pyrrolidinylcarbonyl) amino] -1- (phenylmethyl) propyll -2- [ (2- 
quinolinylcarbonyl) amino]-, [IS- [IR* (R*) ,2S*] 1-; 

Butanediamide, Nl- [2-hydroxy-3- [ (4-fluorophenylitethyl) (1- 
pyrrolidinylcarboriyl) amino] -1- (phenylmethyl) propyl] -2- [ (2- 
'4 30 quinolinylcarbonyl) amino]-, [1S-[1R*(R*) ,2S*]]-; 

Butanediamide, n1- [2-lydroxy-3- [ {3-methy Ibutyl) (4- - 
morpholirrylcarbonyl) amino] -1- (pheivlmettiyl)proBylI-2- [ (2- 
quinolinylcarbonyl) amino] - , [IS- [ IR* (R* ) , 2S* ] } -; - 
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Butanediamide, N^- [2-l:^droj<y-3- t (4-fluorophenylinethyl) {4- 
morpholinylcarbonyl) amino] -1- (phenylmeth/l ) propyl] -2- [ ( 2- 
quinolii^lcarbonyl} amino] - , [IS- 1 IR* (R* ) / 2S* ] ] - ; 

5 Butanediamide, N^- [2-]:^droxy-3- [ (4-fluorophenylmethyl) (1- 

piperidiiQTlcarboiiyl) amino] -1- (phenylmetliyl) propyl] -2- [ (2- ^ 
quinolinylcarbonyl ) amino} - , [IS- [ IR* (R* ) , 2S* ] ] - ; ' 

Butanediamide, n1-^[3- [ [ [ (1,1- 
ID dimetliylethyl) amino] carbonyl] (S-metiiylbutyl) amino] -2- 
lydroxy-1- (phenylmeti^yl) propyl] -2,3 , 3-trimetl:iyl-, [IS- 
[1R*{2S*) ,2S*]]-; 

Butanediamide, n1-[3-[[[(1,1- 
15 dimetlnyletlnyl ) amino ] car]bonyl ] ( 3 -metlnylbutyl) artdnol -2 - 

hydroxy-1- (4-fluorophenylmethyl ) propyl! -2,3 , 3-t:rimethy 1- , 
[lS-[lR*(2S*y,2S*]]-; 

Butanediamide, n1-[3-[[[(1,1- 
20 dimetliylettiyl) amino] carbonyl] ( 3 -methylbafcyl^anri no] -2 - 
hydro5<y-l- (plieriylmet±yl) propyl] -2 , 3-diEn^±grl*, [IS- 
[1R*(2S*,3R*),2S*]1-; 

Butanediamide, Nl-[3- [ [t (1,1- 
p5 dimettiyletli/l) amino] carlDoryl] (3-methyIbutyI)anttnol -2- 

lnydroxy-1- {4-f luorophenylmettiyl) propyl! -2 , 3-diinet33yl- / [IS- 
[1R*(2S*,3R*},2S*]]-; 

Butanoic acid, 4- [[3- [[[(1,1- 
30 dime1±ylet]nyl > amino ]carlx>nyl] (3-met±Eylfaut:yiJaininoI-2- \ 
t^droxy-l- (plienylmetliyl ) propyl] amino-2 , 2 , 3-triinethyl-4- 
OXO-, [1S-[1R*{3S*),2S*]1-; , 

Butanoic acid, 4- [ [3- [ [ [ (1, 1- 
35 dimethylethyl) amino] carbonyl] (3-metiylbutylJ amino] -2- 
liydro5^-l- (4-fluorophenylmethyl)prppyiIamino-2,2, 3- 
trimetiiyl-4-oxo-, [1S-[1R* (3S*) ,2S*IT-; 
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Butaneamide, 

2- (acetylamino) -N- [3- [ [ [ (1, 1- 

dimethylethy 1 ) amino ] carboir/l ] ( 3 -methy Ibuty 1 ) amino ] -2 - 
5 hydro:>Q^-l- (phenyliuethyl ) propyl ] -3 / 3-dimethy 1- , [ IS- 
tlR*(R*),2S*]]-; 

Butaneamide, 

2- (acetylamino) -N- [3- [ [ [ (1, 1- 
ID dimethy le th/1 ) amino ] carbony 1 ] ( 3 -me tl^lbuty 1 ) amino ] - 2 - 

hydroxy-l- {4-fluorophenylmethyl) propyl] -3 , 3-dimethyl- , [IS- 
[IR* (R*),2S*]]-; 

Butaneamide/ 
15 2- (acetylamino) -N-[3-[[[ (1,1- 

dimethylethyl) amino] carbonyl] (4-fluorophenylmetliyl) amino] - 
2-hydroxy-l- (plienylmetlryl) propyl] -3 , 3-dimetliyl" , [IS- 
[1R*(R*),2S*]]-; 

20 Butaneamide, 

2-[ {2,2-dimet]iylaminoacetyl)amino]"N-[3"[ [ [ (1,1- 
dimetiiyletlT/1) amino] carlxDnyl] (3-methylbutyl) amino] -2- 
liydro^Q^-l- (phenylmettiyl) propyl] -3 , 3-dimetlT/l- , [IS- 
[1R*(R*),2S*]]-. 

25 

or; 

Butanediamide, n1- [3- [ [ [ (1,1- 

dimetliyl ethyl ) amino ] carbony 1 ] ( 3 -metlry Ibuty 1 ) amino ] - 2 - 
30 hydro5<y-l- (plienylmetliyl) propyl] -3- [ (2- 

quinolinylcarbony 1 ) amino ] - , [ IS- [ IR* { R* ) , 2 S * ] ] - . 
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